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Accurate  and  Reliable 
Cardiopulmonary  Exercise  Testing 
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affordable  price. 
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any  time  or  breath  interval.  Enhanced 
color  graphics  provide  excellent 
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SLEEP  llT 

Places  Unattended  Sleep  Testing 
In  Your  Hand 

CNS  takes  you  into  the  new  era  of  sleep  disorders  medicine 
with  the  introduction  of  Sleep  I/T  (Integrated  Technolog}') . 
Sleep  1/T  is  a  powerful,  yet  simple  to  operate  sleep  testing  device 
developed  for  use  in  the  home  en\-ironment.  Sleep  I/T  has  been 
designed  to: 

•  Provide  an  inexpensive  test  for  insomnia,  allowing  the  sleep 
specialist  to  better  rule  in  (or  out)  organic  causes  before  initiating 
treatment. 


•  Provide  less  expensive  testing  for  patients  with 
disorders  commonly  associated  with  sleep  apnea: 
snorers,  obese  individuals  with  hypertension,  etc. 

•  Provide  the  sleep  specialist  with  another 
option,  particularK'  when  either  the  professionals 
or  their  patients  are  not  convinced  of  the  need  for 
a  sleep  smdy.  A  positix'e  test  result  can  be  a 
powerful  aid  in  convincing  the  patient  of  the  need 
for  a  diagnostic  study. 

•  Provide  a  powerful  and  affordable  tool  for  the 
collection  of  quantified  data  for  epidemiologic 
and  other  research  studies. 


Insomnia 

Fihr()/)iy(ilf>ia 

Depression 


SLEEP  I/T 
ANALYSIS  OPTIONS 

•  Sleep  Staging  Estimate 

•  Respiratory 

•  Arousals 

•  Oximetry  (oximeter  not 
included) 

•  Periodic  Leg  Movements 

•  Alpha  Non-REM 

•  REM  Density 

•  Activity  History 
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Reviews,  Editorials.  &  Statements  To  Note 

Stress  and  the  Common  Cold  (editorial) — Swartz  MN.  N  Engl  J   Med 
1991;325:654.  (Pertains  to  Cohen  et  al  paper  abstracted  below.) 

To  Thwart  the  Tobacco  Companies:  It's  Every  Physician's  Responsibility  (ed- 
itorial!—Sullivan  LW.  JAMA  1991:266:2131.  (Pertains  to  Samuels  &  Giant/  paper 
abstracted  below.) 

Sodium  Bicarbonate  in  CPR  (editorial)— Weisteldt  ML.  JAMA  1991:266:2129. 
(Pertains  to  Kette  et  al  paper  abstracted  on  the  following  pages.) 


The  Politics  of  Eocal  Tobacco  Con- 
trol—B  Samuels.  SA  Glantz.  JAMA 
1991:266:2110. 

Until  the  nonsmokers'  rights  nune- 
ment.  tobacco  control  activity  was  at 
the  federal  or  stale  levels,  which  is 
where  the  tobacco  industry  domi- 
nates. Since  the  appearance  of  the 
nonsmokers"  rights  movement,  prog- 
ress in  tobacco  control  has  occurred 
primarily  at  the  local  level.  In  re- 
sponse to  the  success  of  this  rno\e- 
mcnl.  the  tobacco  industrs  has  de- 
veloped "smokers"  rights"'  groups 
and  other  tactics  to  fight  local  legisla- 
tion. Several  recent  local  campaigns 
in  California  illustrate  the  tactics.  To- 
bacco control  t'orces  follow  many 
paths,  from  sitting  on  the  sidelines  to 
making  a  serious  commitment  to 
smoking  control  legislation.  Despite 
the  tobacco  iiulustry's  superior  fi- 
nancial resources,  the  outcome  of 
proposed  local  tobacco  contrt)l  legis- 
lation appears  to  depend  on  how  .se- 
riously the  health  advocates  mobilize 
in  support  of  the  local  legislation. 
When  the  health  community  makes  a 
serious  comniitmcn'  ol  time  anil  re- 


sources, it  wins.  When  it  fails  to 
make  such  a  commitment,  the  to- 
bacco industry  prevails,  more  b\  de- 
fault than  by  its  superior  financial  re- 
sources. 

Psychological  Stress  and  Suscep- 
tibility  to   the   Common    Cold — S 

Cohen.  DAJ  Tynell.  AP  Smith.  N 
Engl  J  Med  1991:325:606. 

BACKGROUND:  It  is  not  known 
whether  psychological  stress  sup- 
presses host  resistance  to  infection. 
To  investigate  this  issue,  we  pros- 
pectively studied  the  relation  be- 
tween psychological  stress  and  the 
frequency  of  documented  clinical 
colds  among  subjects  intentionally 
exposed  to  respiratory  viruses. 
METHODS:  After  completing  ques- 
tionnaires assessing  degrees  of  phv- 
chological  stress,  394  healthy  sub- 
jects were  given  nasal  drops  contain- 
ing 1  of  5  respiratory  viruses  (rhin- 
ovirus  type  2.  9.  or  14.  respiratory 
syncytial  virus,  or  coronavirus  t\pe 
229E).  and  an  additional  26  were  giv- 
en saline  nasal  drops.  The  subjects 
were  then  quarantined  and  monitored 
tor  ihc  tlevelopmcnl  of  csidcnce  ol 


infecton  and  svmptoms.  Clinical 
colds  were  defined  as  clinical  symp- 
toms in  the  presence  of  an  infection 
\eritled  by  the  isolation  of  virus  or 
bv  an  increase  in  the  virus-specific 
antibody  titer.  RESULTS:  The  rates 
of  both  respiratorv  infection  (p  < 
0.005)  and  clinical  colds  (p  <  0.02) 
increased  in  a  dose-response  manner 
with  increases  in  the  degree  of  psy- 
chological stress.  Infection  rates 
ranged  from  approximately  74"^^  to 
approximatelv  90'^(.  according  to  lev- 
els of  psychological  stress,  and  the 
incidence  of  clinical  colds  ranged 
from  approximately  ll'^/(  to  47^f. 
These  effects  were  not  altered  when 
we  controlled  for  age.  sex.  education, 
allergic  status,  weight,  the  season, 
the  number  of  subjects  housed  to- 
gether, the  infectious  status  of  sub- 
jects sharing  the  same  housing,  and 
virus-specific  antibody  status  at  base- 
line (before  challenge).  Moreover, 
the  associations  observed  were  sim- 
ilar for  all  five  challenge  viruses. 
Several  potential  stress-illness  medi- 
ators, including  smoking,  alcohol 
consumption,  exercise,  diet,  quality 
of  sleep,  whilc-cell  coinils.  and  total 
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Make  The  Right  Choice 


AEROCHAMBER®  is  fast  becoming  the  choice  over  Small  Volume  Nebulizer  for  better 
dSvery  of^osolizeci  medicationi  The  AEROCHAMBER  is  as  ef haent  and  ef fect^e 
as  Se  of  SVN."  With  the  new  FLOWSIGnal™,  the  patient  is  encouraged  to  inhale 
correctly  to  obtain  the  optimum  benefit  from  the  medications  (MDl). 
AEROCHAMBER  can  also  provide  significant  cost  savings.'-' 

to  medications  with  the  minimum  of  time  and  effort^ 
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customer  relationships.  In  our  13  years  in  the  cardiopulmonary 

market.  Medical  Graphics  Corporation  has  established  an  enviable 

record  of  customer  loyalty  —  ranging  from  the  small  clinic  and 

physician's  office,  to  large  research  hospitals,  and  even  to  NASA, 

zoho  will  be  relying  on  MedGraphics  quality  during  many  of  its 

Space  Shuttle  missions. 
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When 
Quality 
is  the 
Question ... 


Med 


Over  the  years,  we  have  worked  closely  with 
our  customers  to  define  the  standards  c' 
quality.  First  a^td  foremost,  our  system 
answer  the  need  for  accuracy.  Reliabiliti! 
expandability,  ease  of  use,  and  cosi 
effectiveness  are  also  hallmarks  of  th 
MedGraphics  name.  These  standards  ha\ 
guided  the  development  of  the  MedGraphic 
Pulmonary  Function  Testing  System  107o 
and  the  Body  Plethysmography  System  1085 
(shown  here)  which  have  come  to  be  regarded 
worldwide  as  simply  the  best.  ■  Now,  we  an 
pleased  to  announce  that  both  of  thesi 
systems  are  available  with  our  na 
generation  of  easier-than-ever-to-use  softwait 
—  BREEZE'".  Jfl  Alsoneiv-^ 
our  Body  Plethysmography  System  1085D  features  complete  lung  fimct ion 
capabilities  including  diffusing  capacity  measurement. 


The  new  MedGraphics  BREEZE  diagnostic  software, 
with  its  colorful  icons,  makes  testing  a  breeze! 


/)( tnib/  critical  situations,  physicians  rely  on 

the  MedCraphics  CCM  Critical  Care 

Management  System  for  vital  metabolic 

measurements  that  can  help  avoid  ventilatory 

complications  arising  from  inappropriate 

nutrition.  In  the  ICU,  the  MedCraphics  CCM 

assesses  nutrition  and  the  mechanics  of 

breathing  to  dramatically  decrease  z'entilator 

dependence  and  significantly  improve  patient 

outcome.  »•.  Even  neonates  weighing  as  little 

as  500  grams  can  be  accurately  evaluated  for  ventilatory,  metabolic  and  cardiac  function, 
including  cardiac  output,  with  the  MedCraphics  Pediatric  CARE""  System  (shown  here). 
Optimal  feeding  and  ventilator  management,  made  possible  by  MedCraphics' 
exclusive  breath-by-breath  gas  exchange  technology,  can  play 
an  important  role  in  increasing  an  infant's  chances  for 
survival  and  improving  its  long-term  quality  of  life. 


Graphics. 


is  the 
Answer. 


The  development  of  MedCraphics'  patented 
breath-by-breath  measurement  technology 
has  advanced  excercise  testing  as  a  major 
diagnostic  tool.  Along  with  pulmonary  and 
cardiac  specialists,  a  growing  number  of 
internists  and  other  medical  professionals 
are  using  the  MedCraphics  CPX 
Cardiopulmonary  Exercise  System  to 
accurately  diagnose  the  cause  of  shortness  of 
breath  and  better  evaluate  the  effectiveness 
of  therapy.  No  other  exercise  system  gives  a 
more  precise  determination  of  maximal 
oxygen  uptake  and  anaerobic  threshold. 
Medical  Craphics  Corporation  continues  to 
lead  the  field  in  developing  imiovative  solutions  to  meet  the 
ever-cliajjging,  practical  and  technical  needs  of  the  clinician. 
Our  rei'olutionary  neio  MedCraphics  pneumotach  — 
weighing  less  than  an  ounce  — 
is  a  major  advance  in  patient  comfort. 
Unsurpassed  in  accuracy,  yet  completely 
disposable,  it  is  the  first  in  a  series  of  MedCraphics  pi 
designed  to  guarantee  complete  infection  control. 


Call  us  for  more 
information  on  the 
complete  line  of 
MedCraphics  products, 
services  and  accredited 
educational  programs  — 
1-800-950-5597. 


•vducts 


MedCraphics. 

Cardiorespiraiofy  Diagnostic  Systefns 

Medical  Graphics  Corporation 
350  Oak  Grove  Parkway 
Saint  Paul.  Minnesota  55127 
612/484-4874 
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Nellcor 
Sensors. 


Vihen  it  comes  to  pulse  oximetrv;  leading  medical  manufacturers 
agree,  reliable  readings  start  at  the  sensor 

That's  v.-h\-  when  these  companies  added  pulse  oximetn,-  to  their 
monitoring  sv-stems,  they  came  to  Nellcor  for  their  adhesive  seasors. 

Because  Nellcor  OXISEJWSOR" ox\'gen  transducers  ;ire  designed 
to  provide  reliable  readings  on  even'  size  patient,  in  a  wide  variety-  of 
environments.  Long  term.  Short  term.  In  motion  or  low  perfusion. 
And  they're  easy  to  use. 

Now;  whether  you  have  a  Nellcor  pulse  oximeter  or  ai'e  looking  at 
adding  pulse  oximetry  to  your  modular  system,  we  think  you'll  agree. 

There's  no  substitute  for  Nellcor  senstirs. 

For  more  infonnation  in  tlie  U.S.,  contact  your  local  Nellcor  repre- 
sentative or  call  1-800-NELLCOR,  or  415  887-5858.  Nellcor  Incorporated, 
25495  ViTiitesell  Street,  Hav'ward,  CA  94545. 

Intemauonally,  contact  the  European  headquaners  in  the 
Netherlands  at  +  31.4132.62525  or  Asia/Pacific  headquarters  in 
Hong  Kong  at  +  852.3.7355618  for  your  kxal  Nellcor  representative. 

NELLCOR' 
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Circle  132  on  reader  service  card 
Visit  Booth  1135  in  Atlanta 


ABSTRACTS 


curaiely  measure  systolic  BP  iiiira- 
night. 

Pulmonary  Dysfunction  in  Sur- 
jiical  Conditions  of  the  Newborn 
Infant — DK  Naicayama.  R  Mutich, 
EK  Motoyama.  Crit  Care  Med  1991; 
19:926. 

OBJECTIVE:  To  describe  the  patho- 
physiology of  surgical  conditions 
that  are  associated  with  respiratory 
insufficiency  in  the  newborn  infant. 
DESIGN:  Survey.  SETTING:  New- 
born ICU  in  a  children's  hospital. 
PATIENTS:  24  newborn  infants  (1 
to  28  days  old)  who  required  endo- 
tracheal intubation  and  mechanical 
ventilation  for  operative  procedures 
or  postoperative  ventilatory  support. 
INTERVENTIONS:  Flow-volume 
curves  obtained  by  manual  inflation 
of  the  lungs,  followed  by  forced  de- 
flation by  negative  pressure,  and  by 
passive  expiration,  under  sedation 
and  pharma-cologic  paralysis. 
MEASUREMENTS:  Deflation  flow- 
N'olume  curves  and  passive  ex- 
piratory curves  were  measured.  Pul- 
monary function  testing  before  and 
after  bronchodilator  administration 
(n  =  II)  began  midway  during  the 
study  period.  Term  and  preterm 
groups  served  as  controls.  MAIN 
RESULTS:  Forced  vital  capacity 
(FVC)  was  decreased  in  all  groups 
\\ith  surgical  disease  as  follows:  ab- 
donunal  wall  defects  and  necrotizing 
enterocolitis  groups  to  48..V'i  and 
62.\7r  that  of  preterm,  respectively; 
pulmonary  hypoplasia  group  to 
55.y/c  that  of  term  (p  <  O.O.'i).  Maxi- 
mal expiratory  How  at  25'7,  of  FVC 
decreased  in  all  groups:  abdominal 
wall  delects  and  necrotizing  entero- 
colitis group,  to  36.8%  and  37.9% 
that  of  preierni.  respectively  (p  < 
0.05);  pulmonary  hypoplasia  gri)up. 
20.0%  that  of  term  (p  <  O.O.S).  The 
ratio  of  maximal  expiratory  flow  at 
25%  of  FVC  divided  by  FVC  was 
significantly  decreased  in  necrotizing 
cnterocoliiis    anil    pulmonary    h\|-Kv 


plasia  groups  compared  with  that  of 
preterm  and  term  groups,  respec- 
tively, but  not  ui  the  abdominal  wall 
defects  group.  Maximal  expirator\ 
llow  at  25%  of  FVC.  but  not  FVC, 
increased  significantly  (36%.  p  < 
0.05)  after  bronchodilator  nebuli- 
zation,  indicating  the  presence  of  air- 
way reactivity.  Respiratory  system 
compliance  was  decreased  signifi- 
cantl>  (p  <  0.05)  in  all  surgical  dis- 
ease groups  compared  with  the  term 
group.  CONCLUSIONS:  Bronchial 
reactivity  contributes  to  decreased 
maximal  expiratory  flow  at  25%  of 
FVC.  a  feature  also  seen  in  pre- 
mature infants  with  respiratory  dis- 
tress syndrome  who  later  develop 
bronchopulmonary  dysplasia.  Babies 
who  require  chronic  ventilatory  sup- 
port after  operation  and  w  ho  ha\  e  de- 
veloped reactive  airways  may  benefit 
from  the  administration  of  broncho- 
dilators  during  postoperative  ventila- 
tory management. 

Inverse  Ratio  Ventilation  in 
ARDS:  Rationale  and  Implemen- 
tation— TW  Marcy.  JJ  Marini.  Chest 
1 49 1;  100:494. 

Conventional  ventilatory  support  of 
patients  with  the  adult  respiratory 
distress  svndrome  (ARDS)  consists 
of  volume-cycled  ventilation  with 
applied  positive  end-expiratory  pres- 
sure (PEEP).  Unloriunatelv.  recent 
evidence  suggests  that  this  strategy, 
as  currently  implemented,  may  per- 
peiuaie  lung  damage  bv  overinflating 
and  injuring  distensible  alveolar  tis- 
sues. An  alternative  stralegv  — 
termed  inverse  ratio  veniilaiion 
(IRV) — extends  the  inspiratory  time, 
aiid,  in  concept,  maintains  or  im- 
proves gas  exchange  at  lower  levels 
of  PFFP  and  peak  distending  pres- 
sures. There  are  Iwo  methods  to  ad- 
minister IRV:  ( I )  volume-cycled 
ventilation  with  an  end-inspiratory 
pause,  or  w  ith  a  slow  or  decelerating 
inspirator}  How  rate,  or  (2)  pressure- 
conirolleil  veiililalion  applied  wiili  a 


long  inspiratory  time.  There  are  sev- 
eral real  or  theoretical  problems 
common  lo  both  torms  of  IRV:  ex- 
cessive gas-trapping;  adverse  hemo- 
dynamic effects;  and  the  need  for  se- 
dation in  most  patients.  Although 
there  are  many  anecdotal  reports  of 
IRV.  there  are  no  controlled  studies 
that  compare  outcome  in  ARDS  pa- 
tients treated  with  IRV  as  opposed  to 
conventional  ventilation.  Nonethe- 
less, clinicians  are  using  IRV  with 
increasing  frequency.  In  the  absence 
of  well-designed  clinical  trials,  we 
present  interim  guidelines  for  a  ven- 
tilatorv  strategy  in  patients  with 
ARDS  based  on  the  literature  and 
our  own  clinical  experience. 

Modified  Kmerson  CP.\P.  T-Piece 
Circuit  for  Use  in  the  Multiplace 
Hyperbaric  Chamber — BA  \oun. 
R  Houseknccht.  J  Hvperbarie  Med 
I991:6{2):101. 

As  the  field  of  hyperbaric  medicine 
continues  to  grow,  treatment  of  the 
crilicallv  ill  patient  requiring  res- 
pirator) support  becomes  a  frequent 
occurrence.  Many  patients  are  treat- 
ed with  either  continuous  positive 
airwav  pressure  (CPAP)  or  T-piece 
supplemental  oxygen.  Existing  sys- 
tems through  ventilators  ma\  have 
significant  work  of  breathing  as- 
sociated with  the  type  of  demand 
valve  and  circuit,  fhis  work  of 
breathing  depeiuls  on  inspiratorv 
How  demands  of  the  patient  and  sup- 
ply flow  limits.  Similar  problems  ex- 
ist for  T-piece  circuits  that  utilize  de- 
mand valves  such  as  an  A 14 
regulator  with  peak  flow  of  onlv  ^iO 
L/min.  In  ;iddition.  because  exhaled 
gases  must  be  scavenged,  both  re- 
breathing  of  exhaled  gases  or  neg- 
ative end-expired  pressure  are  po- 
tential problems.  I'liis  has  led  to  a 
modification  of  an  Emerson  demand- 
\al\e  reservoir  with  an  exhaled  gas 
scavenging  system  for  use  vv ithin  the 
multiplace  chamber.  This  system  can 
be  sel  up  as  a  CP.AP  or  T-piece  sys- 
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lem.  The  ivsltmih  hai;  ensures  ad- 
equate \oluine  and  tlo\ss  with  a 
baekup  demand  tlou  eapable  of  120 
L/niin  with  minimal  trigger  pressure. 
This  system  has  been  tested  to  b  ab- 
solute atmospheres  in  a  niultiplace 
chamber  and  is  fairly  easy  and  in- 
expensive to  assemble.  A  disconnect. 
pressure  loss,  and  minute  \eniilalion 
alarm  is  available  in  adilition  to  con- 
tinuous respirators  rate  and  tidal  vol- 
ume monitoring. 

Wheezing  in  a  Commercial  Diver 
due  to  Disinfectant— SJ  Watt.  Un- 
dersea Biomed  Res  1W1:18:.^47. 

A  case  is  described  of  a  saturation 
diver  with  no  previous  history  of 
asthma  who  repeatedlv  developed 
work-related  svmptoms  of  asthma  at 
pressure,  which  appear  to  be  causallv 
related  to  the  use  of  dichlorophen  as 
a  disinfectant  agent.  Although  chal- 
lenge tests  were  negative,  suggesting 
that  dichlorophen  mav  have  been  act- 


mg  as  an  UTilani  rather  than  as  a  sen- 
sitizer, the  symptoms  were  abolished 
by  the  use  of  an  alternative  dis- 
infectant agent.  The  potential  im- 
portance of  this  effect  \n  a  diver  is 
discussed,  and  the  case  highlights  the 
importance  of  the  use  of  nontoxic 
aizents  in  the  div  ing  environment. 


Treatment  ol  Bronchial  .\sthma 
with  Terbiitaline  Inhaled  by  Cone- 
spacer  Combined  with  Positise  Ex- 
piratory Pressure  Mask — H  Frisch- 
knecht-Christensen.  O  Norregaard,  R 
Dahl.  Chest  I  Wl  ;1()():3  17. 

The  intluence  of  positive  expiratory 
pressure  (PEP)  applied  during  in- 
halation of  a  B, -agonist  in  treatment 
of  bronchial  asthma  v\  as  inv  estigated 
in  a  randomi/ed  crossover  study  w ith 
2-week  treatment  periods.  In  one  pe- 
riod. 2  puffs  (0.5  mg)  of  terbutaline 
was  given  from  a  metered  dose  in- 
haler and   inhaled  through  a  ilevice 


consisting  of  a  conespacer  connected 
to  a  face  mask  giving  PEP  ( 10  to  \5 
cm  H,Ol.  In  a  second  period,  ter- 
butaline 0.5  mg  was  inhaled  similar- 
ly but  w  ithout  PEP.  and  in  a  third  pe- 
riod placebo  spray  was  inhaled  with 
PEP.  Treatments  were  given  3  times 
dailv  Peak  expiratory  flow  (PEE) 
v^as  measured  before  and  after  each 
inhalalion  and  symptom  scores  for 
dvspnea.  cough,  and  mucus  pro- 
duction were  noted  in  a  diary.  All 
treatments  increased  PEF  significant- 
1>  (p  <  O.OOOl),  The  mean  increase 
was  32  L/min  during  treatment  with 
terbutaline  and  PEP.  This  was  great- 
er than  the  increase  of  25  L/min  dur- 
ing terbutaline  treatment  (p  =  0.005). 
The  increase  in  PEE  during  terbu- 
taline treatment  was  significantiv 
higher  than  the  achieved  18  E/min 
during  PEP  (p  =  0.026).  The  study 
showed  improved  bronchodilation 
when  PEP  was  combined  with  in- 
halation of  B, -agonist  compared 
with  B, -agonist  alone. 


THE  IMPACT  OF  THE  FUTURE  -  TODAY! 
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Uni-Vent^'^  Is  a  full  spectrum  critical 
care/trauma/transport  ventilator.  Its 
"smart"  Interactive  design  safely  protects, 
monitors  and  provides  your  patient  with  a 
wide  range  of  ventilatory  care  features. 

Unl-Vent^'^  includes  multiple  operating 
modes,  alarms  and  displays  and  weighs 
just  9-lbsl  Its  Assist-Control  and  SIMV 
modes,  and  optional  electronic  demand 
valve  -  are  all  PEEP  compensated  to 
reduce  your  patients'  work-of-breathing. 
Gas-  conserving  electronics  provide  con- 
sistency, dependability  and  Insure  the 
maximum  benefit  from  available  portable 
gas  sources  -  a  must  for  transport  applica- 
tions! 

Uni-Vent^"^:  for  your  emergency, 
recovery,  critical  care  and  transport 
needs! 
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IT  WILL  DO  ANYTHING 
FOR  A  GOOD  NIGHTS  SLSR 


Compliance  means  everything  in  the  treatment        The  CPAP-100  is  exceDtionally  quiet,  compact 


of  Obstructive  Sleep  Apnea  That's  why  the  new 
CPAP-100  Continuous  Positive  Airway  Pressure 
System  puts  the  patient  first,  with  a  unique 
combination  of  comfort  and 
convenience  features 

Softwear™  and  Custom  Nasal 
Masks  assure  contoured  comfort. 
The  Softwear  Mask's  unique 
"memory  foam"  creates  a  tight, 
yet  cushiony  seal  Single  strap 
simplicity  and  two-way  swivel 
flexibility  further  enhance 
patient  compliance. 


and  portable  The  Adjustable  Pressure  Delay 

feature  allows  the  patient  to  fall 
asleep  easier,  providing  up 

to  thirty  minutes  of  gradual 

adjustment  to 

a  preset  pressure 

Microprocessor  Control  assures  accuracy 
and  reliability  The  system  automatially 
detects  and  compensates  for  leaks  in  the  clinical 
setting,  a  Remote  Control  lets  you  monitor  and 
adjust  pressures  from  a  distance,  without 
disturbing  the  patient 
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The  CPAP-100 

is  the  latest  innovation 

from  LIFECARE,  a  worldwide 

leader  in  respiratory  care. 

Call  us  for  more  information  or 

to  schedule  a  demonstration.  See  for 

yourself,  there's  nothing  it  won't  do  for  a  good 

night's  sleep. 


LIFECARE 


655  Aspen  Ridge  Dr    Lafayette.  CO  80026  USA 
(3031666-9234    FAX  (5031666-0415 


Editorials 


Sweeter  Is  Not  Necessarily  Better 


The  impact  of  total  and.  more  specifically, 
carbohydrate  calories  on  respiratory  function  has 
been  the  focus  of  much  research  and  attention  (and 
some  controversy)  during  the  past  decade.  The 
recognition  that  malnutrition  leads  to  increased 
morbidity  and  mortality  has  led  to  the  development 
of  artificial  nutrition  support  via  enteral  and 
parenteral  routes. 

Of  particular  interest  to  those  caring  for  patients 
with  respiratory  compromise  are  the  studies  such 
as  those  by  Bassili  et  al'  that  have  demonstrated 
the  salutary  effects  of  nutrition  support  in  successful 
weaning  from  ventilators.-  But  the  zeal  and 
enthusiasm  of  the  mid-1970s  for  the  indiscriminate 
provision  of  carbohydrate  and  total  calories  were 
quickly  dampened  by  reports  such  as  those  of 
Askanazi  et  al'  that  described  the  '"glucose 
overload"  syndrome  and  of  Covelli  et  aH  and  Dark 
et  al''  that  described  respiratory  failure  and 
hypercapnia  associated  with  overfeeding.  As  the 
policy  of  "more  is  not  necessarily  better"  began 
to  be  implemented,  attention  was  also  drawn  to  the 
qualitati\e  contribution  of  nonprotein  calories 
provided  to  the  patient  with  pulmonary  compromise. 
The  study  by  Kemper  and  Weissman^  reported  in 
this  issue  of  RESPIRATORY  Care  highlights  the 
importance  of  including  in  the  daily  calorie  counts 
heretofore  ignored  carbohydrate  calories  from 
exogenous  liquids  other  than  enteral  and  parenteral 
formulations.  The  results  of  the  study  provide  a 
refinement  in  approach  to  the  patient  who  is 
respiratory  compromised.  The  study  should  serve 


as  a  point  of  departure  for  future  considerations 
in  the  management  of  the  critically  ill  patient. 

Recent  work  suggests  that  maintenance  of 
relatively  normal  plasma  glucose  levels  may  prevent 
the  potential  for  glycation  of  immunoglobulins.'' 
Although  earlier  recommendations  were  made  for 
the  substitution  of  lipids  as  a  source  of  nonprotein 
calories,  caution  as  to  amount  and  type  should  be 
exercised  in  the  light  of  recent  work  suggesting 
potential  immunosuppressive  effects  of  the  currently 
available  lipid  emulsions  when  used  in  excess  or 
infused  rapidly.**  We  believe  that  until  more  is 
known  about  structured  lipids  (composed  of  fatty 
acid  chains  of  varied  lengths)  and  the  role  of 
increased  amounts  of  fish  oil.  the  provision  of  lipids 
in  a  'low  and  slow'  mode  is  prudent.  Early  feeding 
through  the  gastrointestinal  tract  is  also  strongly 
recommended."^ '" 

Other  potential  nutrition  support  interventions  of 
still  only  hypothetical  benefit  to  the  subject  with 
respiratory  compromise  ha\e  been  summarized 
elsewhere."  Lastly,  regardless  of  the  nutrition 
support  intitiated,  close  patient  monitoring  by  a 
multidisciplinary  team  to  measure  clinical  outcome 
is  essential  for  the  achievement  of  optimum 
nutrition. '- 

Albert  Barrocas  MD 

Nutrition  Institute  of  Louisiana 

Charles  Jastram  PharmD 

Clinical  Pharmacist 

Pendleton  Memorial  Methodist  Hospital 
New  Orleans,  Lousiana 
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A  Comparison  of  Two  Methods  of  Preoxygenation 
dtn  ing  Endotracheal  Suctioning 
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A  new  single-lumen  oxygen-insufflation  catheter  designed  to  alternately  deliver 
oxygen  or  suction  was  evaluated  to  determine  whether  its  use  could  prevent  epi- 
sodes of  hypoxemia  during  endotracheal  suctioning.  METHODS  &  MATKRIALS: 
Insufflation-catheter  suctioning  was  compared  to  resuscitation-hag  suctioning  in 
23  adult  patients  (Fio;  0.3(1  to  0.50)  from  the  medical,  surgical,  and  neurological 
ICl's.  Patients  were  selected  for  the  stud\  if  we  were  ahle  to  obtain  informed  con- 
sent and  if  they  were  intubated  with  a  >  7.5-nim-ll)  endotracheal  tube  or  trach- 
eostom\  tube,  had  an  arterial  cannula,  and  were  on  <  10  cm  H.O  PEEP.  All  suc- 
tioning episodes  consisted  of  two  suction  passes  with  10  seconds  of  continuous 
suction  at  -120  torr.  For  the  conventional  method,  a  resuscitation  bag  was  used  to 
deliver  5  breaths  of  KHKr  O:  (before  and  after  the  2  10-second  suctioning  passes). 
For  the  insufllation  method,  0;was  delivered  at  15  L/min  through  the  catheter  for 
15  seconds  prior  to  the  first  suctioning,  the  patient  was  reconnected  to  the  ven- 
tilator for  30  seconds  after  suctioning,  and  the  procedure  was  repeated.  Each  sub- 
ject served  as  his/her  own  control  and  was  random!)  assigned  to  the  method  used 
first.  The  P^o,  and  Sao.  were  recorded  for  each  method  prior  to  suctioning  and  at 
30.  60,  and  180  seconds  following  the  procedure.  RESULTS:  ANOVA  for  repeated 
measures  revealed  a  significant  interaction  between  preoxygenation  method  and 
time  for  both  Pjo,  and  SaO:  <P  <  0.001 ).  Oxygen  insuffiation  prevented  a  clinically 
important  change  from  baseline  in  mean  Pao,  and  Sao,  at  all  sampling  times,  while 
manual  \entilation  increased  mean  Pao.  and  Syo,.  CONCLLSION:  This  study  sug- 
gests that  adequate  arterial  oxygenation  can  be  maintained  during  suctioning 
using  a  single-lumen  oxygen-insuffiation  catheter  in  patients  who  meet  the  above 
criteria.  (Respir  Care  1991;3(i:l  195-1201.) 
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Introduction 

Endotracheal  suctioning  is  a  necessary,  bene- 
ficial, and  often  frequently  repeated  procedure  in  the 
respiratory  care  of  patients  who  require  \entilatory 
support;  however,  there  are  inherent  hazards.  Suc- 
tioning-induced  hypoxemia  is  a  well-documented 
and  significant  risk'  "  that  can  result  in  serious  car- 
diac arrhythmias  and  even  death.''  "  To  prevent  pos- 
sibly life-threatening  hypoxemia,  numerous  tech- 
niques'*-^'-"" and  suction  catheters  have  been 
used.'""-'  A  number  of  studies  suggest  that  the  use 
of  oxygen  insufflation  during  the  suctioning  pro- 
cedure is  effective  in  preventing  suctioning-induced 
hypoxemia."'-'  Previous  studies  of  insufflation  cath- 
eters in  adult  patients  have  used  double-lumen 
catheters,  one  lumen  that  insufflates  oxvsen  and 
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the  other  through  which  suction  is  applied.'*""-'^ 
We  undertoolc  this  study  to  evaluate  whether  a 
new  single-lumen  oxygen-insutnalion  catheter 
could  prevent  h\  poxemia  during  endotracheal  suc- 
tioning in  a  sample  of  adult  patients. 

Methods  and  Materials 

Twenty-three  adult  patients  were  selected  from 
the  medical,  surgical,  and  neurological  ICUs  at  the 
Medical  College  of  Georgia.  The  protocol  was 
appro\ed  by  the  Human  Assurance  Committee.  All 
patients  who  ( 1 )  were  intubated  with  at  least  a  7.5- 
mm-ID  endotracheal  tube  or  tracheostomy  tube.  (2) 
had  an  indwelling  arterial  catheter,  and  (3)  were 
receiving  less  than  10  cm  H:0  PEEP  were  con- 
sidered candidates  and  were  studied  if  we  were 
able  to  obtain  informed  consent.  Patient  dem- 
ographic data  are  shown  in  Table  1. 

All  patients  were  suctioned  by  a  conventional 
method  (resuscitation  bag  and  conventional  cath- 
eter) and  by  the  new  technique  using  the  insuffla- 
tion catheter.  Each  patient  served  as  his  or  her  own 
control,  and  the  method  to  be  used  first  was  ran- 
domly assigned.  At  least  a  1-hour  rest  period  was 
allowed  between  the  use  of  one  technique  and  the 
other.  Each  suctioning  episode  consisted  of  two  10- 
second  suctioning  passes  with  continuous  suction 
applied  at  -120  torr.  Patients  were  suctioned  only 
when  needed  as  determined  by  the  nurses  and  res- 
piratory therapists.  With  the  conventional  method, 
patients  were  disconnected  from  the  ventilator  and 
were  manually  ventilated  with  1009f  O:  for  5 
breaths  prior  to  continuous  suctioning  for  10  sec- 
onds with  a  standard  14-Erench  (Fr)  thumb-vent 
suction  catheter.  Manual  \entilation  with  100%  O: 
was  repeated  before  the  second  suctioning  pass  and 
again  following  the  second  pass,  in  the  experi- 
mental method,  O:  was  delivered  at  l.'^  L/min 
through  the  uisuttlatioii  catheter  for  \5  seconds 
prior  to  suclionuig  with  a  14-Fr  single-lumen  insuf- 
llation  catheter.  The  patient  was  reconnected  to  the 
ventilator  for  30  seconds  following  suctioning,  and 
the  procedure  was  repeated. 

Arterial  blood  samples  were  analyzed  and  vital 
signs  measured.  The  results  were  recorded  for  each 
subject  for  each  method  prior  to  preoxygenation 
and  suctioning  and  also  at  M).  60.  and  180  seconds 
following  each  procediue.  All  blood  samples  were 


Table  1.  Diagnosis.  Ventilator  Mode.  Oxygen  Concentration 
Delivered  (Fpo:).  Positive  End-Expirator>'  Pressure 
(PEEP),  and  Endotracheal-Tube  (ETT)  Size  for  the 
2.^  Patients  Studied 


Ventilator 

PEEP 

ETT 

Patient/Diagnosis 

Mode 

Fdo: 

(cm  H:0) 

(mm) 

1    Guillain-Banre 

A/C* 

0.35 

5 

8.5 

2    CJunshot  wciund 

to  chest 

1.\1V 

0.40 

5 

9.0 

.^    ARDS 

A/C 

0.40 

0 

8.5 

4    Congestive 

heart  failure 

IMV  +  PS 

0.50 

5 

8.0 

5    Sepsis 

IMV 

0.40 

0 

7.5 

6    Emphysema 

A/C 

0.45 

0 

8.0 

7    Sepsis 

IMV 

0.40 

0 

7.5 

8   Closed-head 

injury 

A/C 

0.40 

5 

7.5 

9   Small-bowel 

obstruction 

A/C 

0.40 

9 

8.0 

1(1    Open  depressed 

skull  fracture 

IMV 

0.50 

0 

7.5 

1  1    Congcsti\e 

heart  failure 

A/C 

0.40 

0 

7.5 

1 2    Pneumonia 

IMV 

0.40 

5 

10.0 

1.^    Closed-head 

injury 

IMV 

0..^*^ 

5 

10.0 

14    2.S^;  BS A  burnt 

IMV 

0.40 

8 

9.0 

\5   Ciuillain-Barre 

IMV 

0.40 

0 

8.0 

Id    Aspiration 

A/C 

0.40 

3 

7.5 

17    COPD 

A/C 

0.45 

0 

7.5 

18   Closed-head 

injury 

(PAP 

0.40 

6 

10.0 

\9    Subarachnoid 

hemorrhage 

T-tube 

0.40 

0 

7.5 

20   Guillain-Barrc 

IMV 

0.40 

5 

8.5 

21    Quadriplegia 

IMV  +  PS 

0..^0 

5 

8.0 

22   Myasthenia 

grasis 

IMV 

0.40 

5 

8.0 

2}    COPD 

A/C 

0.40 

0 

7.5 

* /WC  =  assist/eonirol.  IMV  =  inlermiltcnl  m.indalors.  IMV  + 
PS  =  IMV  +  pressure  support.  CP.AP  =  coiuuiuous  positive 
airv^av  pressure.  T-lube  =  spontaneous  \entilation  with  humi- 
dified gas  through  a  Briggs  adapter. 

t  BSA  =  body  surface  area. 


placed  on  ice  and  analwcd  using  a  blood  gas  ana- 
lyzer and  CO-oximeter  maiiiiaiiieil  according  to 
manufacturer's  specifications. 
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Statistical  analysis  was  performed  using 
repeated  measures  analysis  of  variance  (ANOVA). 
One  patient  record  had  a  missing  datapoint.  and 
was  not  included  in  the  statistical  analysis.  A  p 
\aiue  <  {).()?  was  considered  statistically  sig- 
nificant. 

Results 

Data  analysis  revealed  a  significant  interaction 
between  preoxygenation  method  and  time  on  PaO: 
(p  <  0.001 )  as  shown  in  Figure  1.  For  each  patient, 
baseline  values  and  maximum  changes  in  PaO:  with 
each  method  are  listed  in  Table  2.  When  manual 
ventilation,  or  preoxygenation  'bagging."  was 
incorporated.  PaO:  increased  from  a  mean  (SD) 
baseline  of  106  (35)  torr  to  a  mean  maximum  of 
141  (48)  torr  at  30  seconds  following  the  pro- 
cedure. With  insufflation.  PaO:  dropped  from  a 
mean  baseline  of  107  (29)  torr  to  a  mean  minimum 
of  104  (31)  torr  at  60  seconds.  At  180  seconds, 
mean  PaO:  vvas  6  torr  abo\e  baseline  with  the  man- 
ual ventilation  method  and  2  toiT  abo\e  baseline 
values  with  the  insufflation  method. 

When  we  analyzed  the  data  based  on  baseline 
Pa02'  two  distinct  patterns  emerged.  When  insuftla- 


T;ihlc  2     Maximum  Ch;int;cs  in  P,,i):  v\ith  Two  Preoxgenation 
Suctionins  Methods 


Time  (s) 

Fig.  1,  Changes  in  mean  Pa02  over  time  using  'bagging' 
or  insufflation  as  a  method  of  preoxygenation.  Insuffla- 
tion =  — O— :  manual  ventilation  =  — •— :  insufflation- 
baseline  PaOs  <  95  torr  =  — ^ — ;  manual  ventilation- 
baseline  PaOs  <  95  torr  =  — ■— ;  insufflation-baseline 
Pa02  >  95  torr  =  —A—;  manual  ventilation-baseline  Pa02 
>  95  torr  =  —A—. 

tion  was  used,  as  shown  in  Figure  1.  if  the  patient's 
baseline  PaO:  was  >  95  ton',  the  mean  PaO: 
decreased  from  130  (21 )  to  123  (32)  torr.  However, 
if  the  patient's  baseline  PaO:  was  <  95  torr.  the 


Manual  1 

nflation* 

Insuff 

ationt 

Maximum 

Maximum 

PatK-iil 

BascliiK' 

ChansiL- 

Baseline 

Change 

No. 

PaO: 

in  PaO: 

PaO: 

in  PaO: 

1 

75$ 

18 

91 

-10 

2 

149 

-26 

133 

-25 

3 

96 

-23 

107 

-24 

4 

97 

40 

110 

-13 

5 

72 

147 

78 

3 

6 

76 

-16 

68 

12 

7 

131 

46 

131 

-17 

8 

174 

-41 

166 

-35 

9 

93 

-21 

105 

-21 

10 

168 

59 

170 

29 

11 

63 

52 

84 

6 

12 

126 

47 

117 

-17 

1.^ 

120 

30 

137 

26 

14 

92 

14 

90 

_-> 

l.> 

128 

5 

124 

-29 

16 

74 

45 

74 

10 

17 

103 

84 

69 

42 

18 

81 

17 

79 

-4 

19 

85 

49 

81 

1 

20 

161 

74 

120 

->-\ 

21 

126 

78 

138 

T^ 

IT 

76 

35 

75 

-A 

23 

65 

65 

89 

-1 

Range 

63  to  174 

-11  to  147 

68  to  170 

-35  to  42 

■  Each  suctioning  episode  =  5  breaths  of  lOO'^r  O:.  10-seeond 
suctioning.  5  breaths  of  lOO'vf  O:.  repeated  once. 
Each  suctioning  episode  =   15  seconds  of  O;  at   15  L/min 
prior  to  suctioning.  lO-second  suctioning.  30  seconds  of  ven- 
tilation via  ventilator,  repeated  once. 

:  All  values  are  in  torr. 


mean  PaO;  increased  from  80  (8)  to  84  (II)  torr. 
Manual  ventilation  produced  increases  in  mean 
PaO:  whether  the  patient  had  a  baseline  PjO;  >  or  < 
95  torr,  as  shown  in  Figure  I. 

A  significant  interaction  also  was  seen  between 
preoxygenation  method  and  time  on  SaO:  (p  < 
0.001)  as  shown  in  Figure  2.  With  manual  ventila- 
tion. SaO:  increased  from  a  mean  baseline  of  95.1 
(2.3)  ^'(  to  a  mean  maximum  of  96.2  ( 1 .3)  9r  at  30 
.seconds.  With  insufflation.  SaO:  decreased  from  a 
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100 

D  Bagg>ig 

99 

A  insuflaMn 

98 

97 

E   9e 

^ 

D 

!» 

*— ^-^ 

z=« 

° 

1      9. 

99 

92 

91 

Time  (s) 


Fig.  2.  Changes  in  mean  Sao?  over  time  using  manual 
ventilation  (— z— )  or  insufflation  (—A—)  as  a  method  of 
preoxygenation. 


mean  baseline  of  95.6  (1.5)  %  to  a  mean  minimum 
of  95.1  ( 1.6)  %  al  60  seconds.  The  maximum  de- 
crease in  SaO:  was  2'7f  (from  94.7  to  92.7.  Patient 
29)  with  insufflation  and  2.19^  for  bagging  (from 
95.2  to  93.1,  Patient  9).  The  lowest  SaO:  recorded 
was  90.4%  in  Patient  5  with  insufflation.  With 
either  method,  SaO:  remained  relati\ely  stable 
throughout  the  study  and  had  returned  almost  to 
baseline  by  180  seconds. 

Using  time  and  preoxygenation  method  as  inde- 
pendent variables,  we  saw  no  significant  main 
effects  or  interactions  for  Paco-  pH.  or  heart  rate. 

Five  of  the  23  patients  had  decreases  from  base- 
line in  PaO:  when  manual  \entilalion  was  used, 
whereas  13  of  23  had  decreases  when  insufflation 
was  used  (Table  2).  However,  no  patient  in  our 
study  experienced  suctioning-indLiced  h\poxcmia 
when  oxygen  insutllation  was  used.  Although 
Patients  18  and  22  had  relatively  low  baseline  Pa02. 
insufflation  was  associated  with  only  small 
decreases  (4  torr).  Patients  3  and  9  experienced 
marked  decreases  in  PaO:  when  manual  ventilation 
was  used,  although  the  changes  in  PaO;  levels  were 
similar  for  both  techniques.  Patient  6  had  a 
decrease  in  PaO;  with  manual  ventilation,  but  an 
increase  in  PaO;  with  insufflation. 

The  results  of  our  study,  as  shown  in  Figures  1 
and  2,  indicate  that  while  an  increase  in  both  mean 
PaO:  'I'kJ  mean  SaO:  occurred  with  manual  ventila- 
tion, oxygen  insufflation  prevented  a  meaningful 
change  from  baseline  m  mean  Pjo.  and  mean  SaO:- 
at  all  samplin>:  times. 


Discussion 

The  idea  that  oxygen  insufflation  can  maintain 
adequate  arterial  oxygenation  is  not  new.'  --  More 
than  30  years  ago,  Boba  et  al'  introduced  the  tech- 
nique of  oxygen  insufflation  during  suctioning,  and 
concluded  that  o\ygen  insufflation  at  a  rate  of  4  L/ 
mill  prevented  hypoxemia  during  simple  apnea  and 
during  apnea  with  simultaneous  endotracheal  suc- 
tioning. Other  studies  have  also  demonstrated  that 
low-tlow  oxygen  insufflation  at  5  L/min  is  effec- 
tive in  preventing  hypoxemia  during  suctioning.'^-' 
However.  Fell  and  Cheney'^  did  not  aiTi\e  at  this 
same  conclusion — possibly  due  to  the  degree  of 
pulmonary  impairment  in  their  patients,  the  low 
oxygen-insufflation  rate  (5  L/min).  and  differences 
in  the  suction  llowrates.  Recent  studies'  -"  have 
used  higher  flows  of  oxygen  (from  10-15  L/min) 
with  positive  results  and  no  adverse  effects.  The 
optimal  oxygen  flowrate  for  use  with  insufflation 
has  yet  to  be  determined.  We  chose  15  L/min  oxy- 
gen insufflation  based  upon  our  own  preliminary 
studies  and  the  work  of  others.''"^  Others  have  lim- 
ited the  oxygen  insufflation  to  10  L/min.  based 
upon  subjectiNC  signs  of  patient  distress  and  con- 
cern over  generating  an  increased  airway  pressure 
distal  to  the  catheter.'''  Excessive  pressures  can  be 
generated  if  there  is  inadequate  \enting  of  the 
insufflated  gas.  In  our  preliminary  studies  using  a 
test  lung  with  a  compliance  of  0.1  L/cm  H:0,  we 
determined  that  less  than  10  cm  H-O  pressure  was 
generated  distal  to  the  catheter  when  insufflating 
O:  at  15  L/min  through  a  14-Fr  catheter  and  a  7.5- 
mm-lD  endotracheal  lube  (that  is,  cross-sectional 
area  of  suction  catheter  to  cross-sectional  area  of 
endotracheal  tube,  or  SCiETT.  <  0.4).  This  has 
been  verified  by  Tiffin  et  al.-'  using  the  same  sin- 
gle-lumen catheter  we  studied.  1  he\  demonstrated 
Uiat  with  the  .SC:ETT  =  0.5.  less  than  10  cm  H;0 
pressure  is  generated  with  insufflation  of  15  L/min 
through  a  14-Fr  catheter.  .Although  studies  ha\e 
demonstrated  that  owgen  flows  of  5-10  L/min  are 
effective  in  preventing  suctioning-induced  h\pox- 
emia.'"-'  we  believe  a  higher  tlow  may  achieve 
better  oxygenation  in  adults  without  posing  any 
greater  risks. 

Previous  studies  in  adults  have  used  constructed 
(ic.  made  in-housc)  or  commercially  available  dou- 
ble-lumen catheters,  to  delixer  oxygen  and  suction 
either  simultaneousK  or  alternateU.  In  this  sHrU, 
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we  assessed  the  effectiveness  of  a  single-lumen 
oxygen-insufflation  catheter  in  alternately  deli\er- 
ing  oxygen  and  suction.  Graf  and  co-workers-' 
used  this  single-lumen  device  in  a  group  of  infants, 
and  concluded  that  this  new  catheter  reduces  the 
number  of  h\po\ic  and  hyperoxic  episodes  and 
ma}  represent  a  safe  alternative  to  suctioning  v\ith 
preox\genation.  These  authors  also  noted  that 
because  only  a  single  lumen  was  required,  the  out- 
side diameter  of  the  catheter  could  be  reduced  and 
thus  could  accommodate  much  smaller  endotrach- 
eal tubes.-'  which  presents  a  particular  ad\antage 
in  the  respiratory  care  of  neonatal  and  pediatric 
patients.  Also,  we  believe  that  having  the  entire 
lumen  available  can  provide  additional  benefits 
when  suctioning  patients  with  thick  and/or  large 
amounts  of  secretions,  although  we  did  not  specif- 
ically test  this  aspect.  In  further  studies,  the  quan- 
tities of  sputum  remo\ed  with  a  single-lumen  cath- 
eter could  be  compared  to  quantities  removed  with 
a  double-lumen  catheter.  A  double-lumen  catheter 
of  a  given  outside  diameter  or  cross-sectional  area 
has  a  smaller  suction  lumen  than  a  single-lumen 
catheter  of  the  same  outside  diameter,  which 
decreases  the  ability  to  suction  thick  or  large 
amounts  of  secretions.  However,  we  did  notice  that 
when  suction  to  this  single-lumen  catheter  was 
released,  thin  secretions  on  occasion  were  blown 
out  the  end  of  the  catheter.  This  is  clinically  unde- 
sirable, but  might  be  avoided  if  a  neutral  "otT' 
position  was  added  to  the  design  where  there  is  nei- 
ther suction  nor  oxygen  flow. 

It  has  been  shown'*'--'*-"'  that  when  adequately 
controlled,  manual  ventilation  is  an  effective  way 
to  prevent  hypoxemia  associated  with  suctioning. 
However,  in  clinical  practice,  the  volume  and  pres- 
sure of  the  delivered  breath  is  often  variable  and 
difficult  to  control.-^  With  the  delivery  of  an 
unknovsn  tidal  volume  at  an  unknown  peak  pres- 
sure, the  potential  for  barotrauma  or  hypo- 
ventilation exists.  Bodai  et  al"*  and  Brown  et  af 
ha\e  addressed  concerns  about  complications  from 
manual  hyperventilation  to  unknown  volumes  and 
pressures.  If  clinicians  continue  to  use  manual 
resuscitators  to  preoxygenate  patients  prior  to  suc- 
tioning, attention  must  be  gi\en  to  determining 
whether  the  \olume  capacity  of  each  bag  is  suitable 
and  whether  the  ventilation  technique  of  personnel 
is  appropriate. -""-^ 


In  addition,  conventional  hsperoxygenation 
techniques  are  associated  with  agitation,  tachy- 
cardia, tachypnea,  and  uncontrolled  coughing. ^'^ 
Although  the  procedure  is  intended  to  be  gentle, 
rapid  ventilation  and  suctioning  seem  to  add  to  the 
patient's  stress,  Harken"  addressed  the  issue  of 
harm  with  suctioning  by  advocating  "gentle"  aug- 
mentation of  tidal  volume  and  handling  of  the 
endotracheal  tube  to  prevent  distress  and  inef- 
fective cough.  Also,  the  use  of  a  manual  resus- 
citator  often  requires  additional  equipment,  time, 
and  manpower.  We  agree  with  Smith  and  co- 
workers''' who  ha\'e  proposed  that  the  oxygen- 
insufflation  catheter  can  save  practitioner  time. 
Hess  and  Goff  have  shown  that  it  is  difficult  to 
achieve  adequate  tidal  volumes  when  squeezing  a 
resuscitation  bag  with  one  hand."''  One-hand  ven- 
tilation can  be  especially  difficult  when  the  cli- 
nician is  trying  to  maintain  sterility  of  the  suction 
catheter  at  the  same  time.  In  order  to  assure  ade- 
quate tidal  volumes  with  manual  ventilation,  two 
clinicians  may  be  needed  when  suctioning  is  per- 
formed. We  did  not  And  a  large  difference  in  the 
time  required  to  perform  suctioning  by  each 
method,  but  because  our  conventional  preoxy- 
genation method  uses  two  clinicians,  personnel 
time  is  increased.  If  an  institution  now  uses  two 
persons  when  suctioning,  substitution  of  an  oxy- 
gen-insufflation catheter  would  reduce  required 
personnel  time,  suggesting  considerable  manpower 
savings.  In  these  times  of  personnel  shortages,  we 
believe  that  the  oxygen-insufflation  catheter  offers 
an  advantage  over  conventional  preoxygenation 
methods. 

In  Conclusion 

The  results  of  our  study  and  the  work  of  others 
suggest  that  oxygen  insuftlation  is  a  valid  alterna- 
tive to  hyperintlation-preoxygenation  methods 
when  the  goal  is  to  prevent  suctioning-induced 
hypoxemia  in  patients  who  are  not  severely  hypox- 


emic 


1.16-21 


We  did  not  study  patients  requiring  a 
PEEP  level  greater  than  10  cm  H.O  or  an  F102 
greater  than  0..'S0.  Further  studies  are  needed  to 
determine  the  optimal  oxygen-insufflation  rates  for 
use  during  endotracheal  suctioning  and  to  assess 
the  efficacy  of  this  alternative  suctioning  method  in 
more  severely  hypoxemic  patients  on  higher  levels 
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of  oxygen  or  PEEP.  Although  several  questions 
remain,  we  share  the  belief  that  oxygen  insufflation 
is  an  acceptable  alternative  to  manual  ventilation 
for  most  patients,"*  particularly  because  conven- 
tional preoxygenation  techniques  pose  hazards  and 
are  not  universally  practiced.  In  summar\'.  suf- 
ficient clinical  data  exist  to  support  the  statement 
thai  oxygen  insuftlation  can  prevent  suctioning- 
induced  hypoxemia  in  patients  who  are  not 
severely  hypoxemic  and  pro\ide  a  convenient 
means  for  endotracheal  suctit)n. 
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PRODUCT  SOURCES 

Insufflation  Suction  Catheter: 

\  cnTcch  ISC.  VciiTech  Inc.  Ontario.  Canada 

.Standard  Suction  Catheter: 

Reg  I  -Vac.  Bard  Parker.  Lincoln  Park  NJ 

Blood  Gas  .4nalyzer: 

Corning  170  Blood  Gas  Analyzer.  Ciba-Coming  Diagnostics 
Corp.  Medtleld  MD 

CO-OxInieter: 

Cornmg  2500  C()-()\imeter.  Ciba-Corning  Diagnostics 
Corp.  Medtleld  MD 

Test  Training  Lung: 

Michigan  Instruments  Inc.  Grand  Rapids  Ml 

Vacuum  Regulator: 

12.^1  Intermittent  Suction  Unit  (ISU).  Ohmeda  Critical 
Care  Maryland,  Columbia  Ml) 
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The  Influence  of  Intravenous  Dextrose  Infusions  on  the 
Carbohydrate  Intake  of  Criticalh  111  Patients  Receiving 

Nutritional  Support 

Marcia  Kcnipcr  BA  CRTT  and  Charles  VVeissman  MD 

BACKCiROUND:  Because  carbohydrate  nietaholisiii  results  in  the  pniduction  of 
carbon  dioxide  (CO:),  spontaneous!}  breathing  patients  with  the  inability  to 
increase  minute  \entilation  (\k)  in  the  face  of  an  increase  in  CO2  load  from  car- 
bohydrate intake  max  dexelop  t'O:  retention  and  respiratory  acidosis.  Also,  con- 
trol of  carbohydrate  intake  in  patients  «ith  diabetes  mellitus  is  necessary.  Crit- 
ically ill  patients  often  receive  intravenous  5%  dextrose  infusions  in  addition  to 
their  nutritional  support  regimens  for  medication  delivery  and  systemic  hydration. 
We  sought  to  quantitate  the  contribution  of  such  infusions  to  the  total  caloric 
intake  and  the  proportion  of  carbohydrate  provided.  MF7rH()l)S:  We  measured 
resting  energy  expenditure  daily  by  direct  calorimetry  and  quantified  the  con- 
tribution of  the  dextrose  solutions  to  carbohydrate  and  total  caloric  intake  in  a 
group  of  17  criticalh  ill,  mechanically  ventilated  postoperative  patients  studied 
for  a  total  of  143  patient-days.  Total  carbohydrate  intake,  total  caloric  intake, 
caloric  intake  from  nutritional  support  formulations,  and  caloric  intake  from 
intravenous  51  dextrose  were  computed.  >'~c  dextrose  was  provided  on  12.^  of  144 
study-days,  «ith  intake  from  intravenous  >'c  dextrose  ranging  from  20  to  934 
Kcal/da)  «ith  mean  (SI))  of  150  (140),  which  represented  from  1-43'f  of  the  total 
caloric  intake  12  (I8)'f.  RKSL  LTS:  S'^e  dextrose  intake  pro\ided  an  axerage  of 
12%  of  all  calories  and  increased  the  proportion  of  carbohydrate-to-total  calories 
from  37  to  50'> .  C'ONCLl  SION:  The  amount  of  intravenous  5'"f  dextrose  should 
be  considered  when  designing  and  monitoring  nutritional  support  regimens,  par- 
ticularly in  patients  with  marginal  pulmonary  function.  (Respir  Care  1 991  ;36: 1202- 
1206.) 


Background 

Nutritional  intake  can  increase  respiratory 
requirements.'  CarbohyiJrates.  the  predominant 
substrate  in  most  nutritional  support  regimens,  are 


Ms  Kemper  is  Senior  Staff  Associate  of  Research.  Department 
of  .Anesthesiology,  and  Dr  Weissinan  is  Associate  Professor  of 
Clinical  Anesthesiology  and  Clinical  Medicine,  Departments 
of  Anesthesiology  and  Medicine — College  of  Physicians  and 
Surgeons,  Columbia  University.  New  York.  New  York. 

A  version  of  this  paper  v\as  presented  by  Ms  Kemper  at  the 
RtsiMKAlORl  C.-\RE  Ol'l.N  ToRlM  during  the  1990  .AARC 
.Annual  Meeting  in  New  Orleans.  Louisiana. 

Reprints:  .Marcia  Kenipei  B.A  CRIT.  Department  of  .Anes- 
thesiology. College  of  Physicians  &  Surgeons.  Columbia  Uni- 
versity. 630  West  16S  Street.  New  York  NY  10032. 


metabolized  to  carbon  dioxide  (CO;),  which  must 
then  be  excreted  by  the  respiratory  system,  in  addi- 
tion, protein  ingestion  or  infusion  increases  meta- 
bolic rate,  minute  ventilation  (\%),  and  respiratory 
drive. "^  The  patient  with  a  dysfunctional  res- 
pirator) system  may  be  unable  to  spontaneously 
increase  ventilation  in  the  face  of  increasing 
demand.  Failure  to  increase  M;  after  a  large  car- 
bohydrate load  can  lead  to  retention  of  CO;  and 
respiratory  acidosis''  in  the  patient  being  ventilated 
at  a  fixed  M-:  or  breathing  spontaiKn)usly.  Con- 
sequently, when  the  decision  is  made  to  feed  a  crit- 
ically ill  patient,  care  should  be  exercised  to  pro- 
\ide  the  correct  amount  and  proportion  of 
nutritional  substrates  to  minimize  the  effects  on 
respiration.  Patients  experiencing  respiratory  dif- 
ficulties or  being  readied  for  u caning  ma\  require 
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lUUiitional  ronmilas  lou  in  carbi)li\i.lialcs  to  reduce 
the  demand  placed  on  llie  lespiratorv  s\stem.  This 
is  usually  accomplished  hy  increasint;  the  fat  con- 
tent and  decreasing  the  carbohydrate  intake.  For- 
mulas containing  up  to  7()9r  of  the  nt)nprotein  cal- 
ories as  tat  ha\e  been  administered.^  although  more 
commonK  nonprotein  calories  are  prt)\ided  as  30- 
50%  fat  and  the  rest  as  carbohydrate. 

In  critically  ill  patients.  carboh\drates  are 
administered  nt)t  onl\  as  part  of  nutritional  support 
regimens  but  also  in  intravenous  dextrose  infu- 
sions. The  latter  are  the  omnipresent  5%  dextro.se 
in  water  and  59r  dextrose  in  saline  siilutions  used 
for  volume  expansion,  for  medication  dilution,  and 
to  ensure  that  intravenous  catheters  remain  patent. 

We  examined  the  contribution  of  these  59c  dex- 
trose infusions  to  the  total  caloric  and  carbohydrate 
intake  in  a  group  of  mechanically  ventilated 
patients  receiving  parenteral  and/or  enteral  nutri- 
tion. The  increase  in  carbohydrate  and  caloric 
intake  provided  by  these  59c  dextrose  infusions 
may  be  important,  especially  for  patients  in  whom 
the  carbohydrate  intake  should  be  limited  such  as 
those  with  a  compromised  respiratory  system  or 
diabetes  mellitus. 

Methods 

We  studied  17  criticall\  ill.  \entilator-dependent. 
postoperative  surgical  patients,  from  the  Surgery- 
Anesthesiology  Intensi\e  Care  Unit  of  the  Colum- 
bia-Presbyterian Medical  Center  in  New  York  City, 
who  were  receiving  enteral  and/or  parenteral  nutri- 
tional support.  Study  days  totaled  143,  and  patient 
ages  ranged  from  18-82  years  (average  62  years). 
For  each  24-hour  period  the  intake  of  clinical  nutri- 
tion (ie,  enteral  and  parenteral  formulas)  and  5% 
dextrose  was  recorded  and  analyzed  to  determine 
the  total  caloric  intake  and  the  proportion  of  fat, 
carbohydrate,  and  protein  provided.  All  sources  of 
carbohydrate  intake  were  identified  and  the  amount 
of  carbohydrate  administered  quantitated. 

Each  patient's  resting  energy  expenditure  (REE) 
was  measured  daily  using  either  the  SensorMedics 
Deltatrac  or  the  Engstrom  metabolic  computer. 
Erica  ventilator,  and  Eliza  capnometer."^'  When  the 


Suppliers  are  idenlitled  in  the  Product  Sources  section  at  tlie 
end  of  the  text. 


Deltatiac^  was  iisetl.  it  uas  interfaced  to  either  a 
Bear  1  or  2  ventilator.  The  air  and  oxygen  outlets 
of  the  Bear  ventilators  were  provided  with  gas  from 
an  external  air-oxygen  blender.'^  The  inspiratory- 
gas  sampling  line  of  the  Deltatrac  was  placed  on 
the  outlet  port  of  the  ventilator's  humidifier.  The 
mixed  expired  gases  were  collected  from  the  expir- 
atory port  of  the  Bear  ventilator  and  conducted  to 
the  mixing  chamber  of  the  Deltatrac  via  6  feet  of 
22-mm  tubing.  The  barometric  pressure  was  read 
each  day  from  a  statidard  mercury  barometer  and 
the  Deltatrac  adjusted  accordingly.  The  O^  and  CO2 
analyzers  were  calibrated  with  standard  gas  mix- 
tures to  exact  gas  percentages  of  96.00  and  4. ()()%, 
respectively.  The  Engstrom  metabolic  measure- 
ment system  incorporates  a  dedicated  sampling  sys- 
tem that  was  used  in  this  study.  The  Erica  ven- 
tilator was  volume  calibrated  and  the  metabolic 
computer  was  checked  according  to  manufacturer's 
specifications.  The  oxygen  analyzer  in  the  com- 
puter was  given  a  two-point  calibration  to  room  air 
and  100%  oxygen.  The  Eliza  capnometer  was  cal- 
ibrated using  a  calibration  gas. 

The  total  caloric  intake,  the  total  carbohydrate 
intake,  and  the  caloric  intake  of  carbohydrate  from 
nutritional  support  formulations  and  intra\enous 
5%  dextrose  infusions  were  computed.  The  data 
would  be  expressed  as  mean  and  SD.  Proportions 
are  reported  as  the  mean  and  SD  of  indi\idual 
measurements — not  as  the  proportion  of  the  mean 
of  all  measurements.  Differences  between  the 
measured  REE  and  the  total  caloric  intake  would 
be  tested  by  Student's  t  test.  The  study  was 
approved  by  the  Institutional  Review  Board  of  the 
Columbia-Presbyterian  Medical  Center. 

Results 

Intravenous  dextrose  was  administered  on  123 
of  the  143  study  days;  on  4  study  days  it  was  the 
sole  nutrient  provided.  The  nutritional  intake  is 
listed  in  Table  1.  Caloric  intake  from  intravenous 
5%  dextrose  ranged  from  20-934  Kcal/day  (150  ± 
140).  The  contribution  of  the  59c  dextrose  intake  to 
total  caloric  intake  ranged  from  1-43%.  12(18)%. 
There  was  no  significant  difference  between  the 
measured  resting  energy  expenditure  and  total 
caloric  intake. 
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Tabic  1.    N'ulrilional    Intake    for    Mechanically    Venlilalcd 
Patients  during  143  Study  Days 

Mean     SD 


Measured  RHE  (Kcal/day)* 
Total  caloric  intake  ( Kcal/day  )t 
Total  caloric  intake/measured  REE 

Intra\cnous  5'}  dextrose  intake  (Kcal/da_\ ) 
Other  carbohydrate  intake  (  Kcal/day  1 
Total  carbohydrate  intake  (Kcal/day) 

Inirasenous  >' <  dextrose/lolal  caloric  intake 
Other  carboh\drate  inlake/tolal  caloric  nilake 
Total  carhohsdralc  uilake/lolal  calnnc  intake 

Total  lipid  intake/total  caloric  intake 
Total  protein  intake/total  caloric  intake 

Total  carbohydrate  nitake/nieasured  REE 

Respiratory  quotient  (RQ) 


1718  358 

is:n  594 

1 .08  0.34 

150  140 

672  338 

822  328 

0.12  0.18 

0.37  0.16 

0.49  0.18 

0.37  0.14 

0.14  0.04 

0.50  0.22 

0.90  0.07 


*  REE  =  resting  energy  expenditure, 

t  All  ratios  are  means  of  indi\  idual  patient  \  alues  rather  than 
of  whole  means. 
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Fig.  1 .  The  total  caloric  intake  and  proportions  of  tat.  pro- 
tein, carbohydrates  (not  delivered  as  5°o  dextrose  solu- 
tions), and  5°o  dextrose  are  illustrated  for  a  patient  w/ho 
received  enteral  nutrition  for  12  days.  Note  the  change  to 
a  high  fat  diet  on  Day  10. 


•An  example  of  the  inlluenee  of  5'^k  dextrose  on 
cahirie  intake  can  be  I'ound  in  Figure  1.  whieh 
sht)\vs  a  12-day  regiinen  for  one  patient.  In  only 
that  one  patient  was  the  respiratory  quotient  (RQ) 
above  i  .0  for  more  than  one  day.  due  to  a  high  car- 
bohydrate intake  that  reached  SO^f  of  measured 
testing  energy  expenditure  on  Days  7-9  of  the 
study.  Respiratory  changes  were  noted  in  this 
patient  with  respiratory  rates  of  up  to  30-34 
breaths/min  and  minute  ventilations  of  18-20  L/min 
observed  on  Days  7-9  of  the  study.  With  the  switch 
to  a  lower  carbohydrate  diet  on  Days  10-12.  the 
respiratory  rate  decreased  to  20  breaths/niiii. 

Discussion 

In  the  17  patients  studied,  the  intra\enous  5'yf 
dextrose  solutions  administered  pro\ided  an  a\er- 
age  of  12*^^  of  the  total  caloric  intake.  This  repre- 
sented an  increase  in  the  mean  contribution  of  car- 
bohydrate calories  to  5()'^r.  from  the  37'r  of  the 
nutritional  formulas  alone.  This  increase  may  be 
important  and  needs  to  be  taken  into  consideration 
when  there  is  reason  to  limit  carbohydrate  intake 
(such  as  in  patients  with  diabetes  mellitus.  in  those 
who  ha\e  become  \ery  hyperglycemic  following 
injury  or  sepsis,  or  those  unable  to  adctiualely 
excrete  carbon  dioxide  because  of  marginal  res- 
piratory function  and  who  are  breathing  spontane- 
ously tir  being  weaned  from  mechanical  venti- 
lation). 

Ingested  carbohydrates  are  oxidized  to  CO;  and 
water  (a  process  that  produces  adenosine  tri- 
phosphate, or  .'\TP).  converted  to  fat  (lipogenesis). 
or  stored  as  glycogen.  Oxygen  is  consumed  and 
CO;  produced  in  equal  amounts  during  the  oxida- 
tion of  glucose.  The  ratio  of  carbon  dioxide  pro- 
duction (Vc'O:)  to  oxygen  consimiplion  (Vo;).  or 
VfoVVo;  (the  respiratory  quotient.  RQ)  for  car- 
bohydrate oxidation  is  1.0.  .At  rest,  the  oxidation  of 
protein  results  in  a  Vco;/Vo:.  or  RQ.  of  0.8  while 
fat  oxidation  results  in  an  RQ  of  0.71.  Thus,  the 
fuel  the  body  is  metabolizing  determines  the  RQ. 
Large  quantities  t)f  carbohydrate  administered 
either  alone  or  as  a  part  of  a  nutritional  regimen 
result  in  an  increase  in  V(-()>  and  a  rise  in  RQ.  If 
sufficient  fooii  is  iKlministered  to  satisfy  the 
patient's  metabolic  requirements  and  the  patient 
has   normal   metabolic  processes,   net   lipogenesis 
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may  occur.  Lipogenesis  increases  the  Vcoj/Voi  (as 
well  as  the  absolute  amount  of  CO^  produced)  by 
as  much  as  a  factor  of  8.  However,  because  only  a 
small  amount  of  ingested  carbohydrate  is  converted 
to  fat,  the  w  hole-body  RQ  has  not  been  observed  to 
exceed  1.25-1.30  e\en  in  situations  in  which  sub- 
jects have  been  fed  large  carbohydrate  loads.'"'  (We 
used  a  metabolic  cart  that  is  able  to  measure  only 
whole-body  Vco:  and  Vo^.).  But.  when  lipogenesis 
does  occur.  Vroj/Vo:  rises  above  1.0  and  the  abso- 
lute amount  of  CO^  produced  is  increased.  This  is 
what  has  been  reported  when  nutritionally  depleted 
patients  have  been  repleted  on  regimens  containing 
amounts  of  carbohydrate  that  exceed  REE."  If  half 
the  carbohydrate  calories  are  replaced  by  fat.  the 
RQ  decreases  because  of  reduced  Vco;.  In  the  clin- 
ical arena.  Co\elli"  observed  that  mechanically 
ventilated  patients  with  fixed  M-:  when  given  large 
carbohydrate  loads  (2000-4000  Kcal/day)  had  sig- 
nificant increases  in  PaCO:  with  resultant  res- 
piratory acidosis.  Decreasing  the  carbohydrate 
intake  and/or  substituting  fat  for  some  of  the  car- 
bohydrates decreased  Vco:'"  and  Paco:''  Similar 
obser\ations  have  been  made  by  others.''  '^  Jan- 
nace  et  al  found  that  patients  given  large  car- 
bohydrate loads  over  short  time  periods  can  suffer 
hypercapnia."  Dark  et  al'"*  reported  two  cases  in 
which  aggressive  nutritional  support  (excess  cal- 
ories and  large  carbohydrate  loads)  increased  ven- 
tilator)' demand  so  much  that  weaning  from 
mechanical  ventilation  was  compromi.sed.  Ade- 
quate CO:  elimination  is  relatively  easy  to  achieve 
in  most  mechanically  ventilated  patients,  but  exces- 
sive Vco:  may  become  important  when  weaning  is 
anticipated.'* 

Most  carbohydrate-associated  hypercapnia  has 
been  reported  in  patients  with  compromised  ven- 
tilator.' function  who  were  unable  to  increase  their 
\fe  adequately.  They  also  were  being  fed  with 
excessive  loads  of  carbohydrates  and/or  excessive 
total  caloric  intake  in  which  the  carbohydrate  cal- 
ories often  exceeded  the  REE.  This  is  in  distinction 
to  situations  in  which  patients  are  able  to  increase 
their  spontaneous  Vfe  and.  thus,  are  able  to  elim- 
inate the  additional  carbon  dioxide.  For  example,  in 
Gieseke  et  al's  study  of  resting  patients  with  hyper- 
capnia from  chronic  obstructive  pulmonary  dis- 
ease.'^ the  increase  in  Vco:  cau.sed  by  a  car- 
bohvdrate  load  (920  Kcal  administered  orally)  was 


handled  with  an  increased  M;  so  that  there  was  no 
increase  in  Paco:-  However,  similar  amounts  of  car- 
bohydrate given  to  exercising  COPD  patients 
reduced  their  exercise  capacity."*''^  Therefore,  in 
many  patients,  carbohydrate  load  is  not  an  issue  at 
rest  because  they  are  able  to  increase  their  res- 
piratory elimination  of  COi.  To  avoid  potential 
problems  with  elevated  Vco:  in  critically  ill 
patients,  it  is  recommended  that  total  caloric  intake 
be  limited  to  1.2  times  REE  and  that  nonprotein 
calories  be  given  as  45-60%  fat  with  the  rest  being 
carbohydrate.-"  As  a  consequence,  the  enteral  nutri- 
tion industry  has  developed  formulas  with  reduced 
carbohydrate  and  increased  fat  content  (579i-  fat. 
4.Wf  carbohydrate).  In  the  present  study,  there  was 
no  evidence  of  respiratory  problems  associated 
v\ith  feedings  because  an  effort  was  made  by  the 
clinicians  to  avoid  overfeeding  and  maintain  an 
intake  of  equal  amounts  of  carbohydrate  and  fat. 

The  present  study  points  out  that  when  a  nutri- 
tional regimen  low  in  carbohydrates  is  being 
designed,  it  is  necessary  to  consider  all  nutritional 
intake  not  only  the  specific  nutritional  support  reg- 
imen. Perhaps  most  important  is  the  5%  dextrose 
that  is  infused  routinely  for  a  variety  of  reasons. 
Each  liter  of  5%  dextrose  contains  170  Kcal  of  car- 
bohydrate ( 1  g  dextrose  =  3.4  Kcal).  In  our  study, 
5%  dextrose  was  administered  on  869f  of  the  study 
days,  with  an  average  of  a  little  over  1  liter  infused 
per  day.  The  amount  of  5%  dextrose  infused  varied 
from  day  to  day  depending  on  the  need  for  intra- 
venous medications  and  tTuid  resuscitation.  Also,  if 
the  blood  glucose  concentration  increased  and  was 
difficult  to  control,  the  amount  of  5%  dextrose 
infused  was  decreased.  The  59c  dextrose  accounted 
for  an  average  of  12%  of  all  calories  and  increased 
the  mean  proportion  of  carbohydrate  calories  to 
total  calories  from  37%  to  50%.  Predictably,  as  the 
intake  of  the  nutritional  support  formulation 
increased,  the  influence  of  the  5%  dextrose  on  total 
and  carbohydrate  calories  decreased. 

Conclusion 

The  mean  amount  of  intravenous  5%  dextrose 
normally  administered  in  the  ICU  should  be  con- 
sidered when  designing  a  nutritional  support  reg- 
imen. 
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PRODI  CT  SOl'Rt  KS 

Metabolic  Carts: 

Dcltatrac.  SensorMedics  Corp.  Yorbu  Linda  CA 
Engsirom  metabolic  computer.  Gambro-Engstrom, 
Denver  CO 

Mechanical  Ventilators: 

Erica.  Gambro-Engstrom.  Den\  er  CO 

Bear  I  and  Bear  2.  Bear  Medical  Systems.  Riverside  CA 

Capnometer: 

i;ii/a.  Gambro-Engstrom.  Dcn\erCO 

Air-Oxygen  Blender: 

Bennett  AG- 1.   I'mitan-Bcnnclt  Corp.  Carlsbad  CA 

REFERENCES 

1.  VVeissman  C.  Nutrition  tor  the  patient  with  respirator) 
disease.  ProbI  Respir  Dis  1989:2:531-545. 

2.  Wcissman  C.  Askana/i  J.  Rosenbaum  SH.  H\man  AI. 
Milie-Emili  J.  Kmncv  J.M.  .-Xmino  acids  and  respiration. 
Ann  Intern  Med  1 98.^:95:4 1 -4 .V 

3.  Zwillich  CW.  Sahn  SA.  Weil  JA.  EITects  of  h\per- 
metabolism  on  ventilation  and  chcmosensitivit>.  J  Clin 
Invest  l977:6():9()()-9(Ki. 

4.  .^skanazi  J.  Weissman  C.  LaSala  P.  Milic-Emili  J.  Kin- 
ney JM.  Effect  of  protein  intake  on  ventilator)  drive. 
Anesthesiology  1984:60: 106-1 10. 

5.  Takala  J.  Askanazi  J.  Weissman  C.  LaSala  P.  .Milic- 
Emili  J.  Kinney  JM.  et  al.  Changes  in  respiratory  control 
induced  by  amino  acid  infusions.  Crit  Care  Med  1988: 
16:465-469. 

6.  Covelli  HD.  Black  JW.  Olsen  MW.  Beekman  JP.  Res- 
piratory failure  precipitated  by  high  carbohydrate  loads. 
Ann  Intern  Med  I98I:95:.S79-.S81. 

7.  Jeejeebhoy  K.N,  Anderson  GH.  Nakhooda  .■\H.  Green- 
berg  GR,  Sanderson  I,  Marliss  EB.  Metabolic  studies  in 
total  parenteral  nutrition  with  lipid  in  man.  J  Clin  Invest 
1976:57:125-136. 

8.  Weissman  C.  Sardar  A.  Kemper  MC.  In-vitro  evaluation 
of  a  compact  metabolic  measurement  instrument.  .IPEN 
1990:14:216-221. 


10. 


12. 


14. 


15. 


19. 


20. 


Browning  JA.  Linberg  SE.  Tumey  SZ,  Chodoff  P.  The 
effects  of  a  tluctuating  Fio:  on  metabolic  measurements 
in  mechanically  ventilated  patients.  Crit  Care  Med 
1982:10:82-85. 

Wolf  RR.  Carbohydrate  metabolism  in  the  criticallv  ill 
Patient.  Crit  Care  Clin  1987:3:1 1-24. 
.'\skana/i  J.  Carpentier  YA.  EKvyn  DH.  Nordenstrom  J. 
Jeevanandam  NL  Rosenbaum  SH.  el  al.  Inlluence  of 
total  parenteral  nutrition  on  fuel  utilization  in  injurs  and 
sepsis.  Ann  Surg  1980:191:40-46. 
Askanazi  J.  Nordenstrom  J,  Rosenbaum  SH.  EKvvn  DH. 
Hsman  Al.  Carpentier  YA.  et  al.  Nutrition  for  the 
patient  with  respiratory  failure:  glucose  vs  fat.  .Anesthe- 
siology 1981:54:373-377. 

Jannaee  PW.  Lerman  RH,  Dennis  RC.  Aalyson  M.  Yes- 
ton  NS.  Total  parenteral  nutrition-induced  cyclic  hyper- 
capnia.  Crit  Care  Med  1988:16:727-728. 
Dark  DS.  Pingleton  SK.  Kerby  GR.  Hypercapnia  during 
weaning:  a  complication  of  nutritional  support.  Chest 
1985:88:141-143. 

Askanazi  J.  Rosenbaum  SH.  Hyman  Al.  SiKerberg  P.A. 
Milic-Emili  J.  Kinney  JM.  Respiratory  changes  induced 
by  the  large  glucose  loads  of  total  parenteral  nutrition. 
JAMA  1980:243:1444-1447. 

Her\e  P.  Simoneau  G.  Girard  P.  Cerrina  J.  Mathieu  M. 
Duroux  P.  Hvpereapnic-acidosis  induced  b\  nutrition  in 
mechanically  ventilated  patients:  glucose  \s  fat.  Crit 
Care  Med  l985:l3:537-.540. 

Gieseke  T.  Gurushanlhaiagh  G.  Glauser  IL.  Effects  of 
carbohydrates  on  carbon  dioxide  excretion  in  patients 
with  airways  disease.  Chest  1977:7 1 :55-58. 
Brown  SE.  Wiener  S.  Brown  RA.  Marcarelli  PA.  Light 
RW.  Exercise  performance  following  a  carbohsdrale 
load  in  chronic  airllow  obstruction.  J  .-Xppl  Physiol 
1985:58:1.340-1346. 

Brown  S.  Nagendran  RC.  Mcllugh  JW.  Stansbury  DW. 
Fischer  CE.  Light  RW.  Effects  of  a  large  carbohydrate 
load  on  walking  performance  in  chronic  air-tlow 
obstruction.  Am  Rev  Respir  Dis  1985:132:960-962. 
Weissman  C,  Kemper  M.  Variation  in  the  resting  meta- 
bloic  rate  of  mechanically  ill  patients,  .'\nesth  ."Xnalg 
1989:68:457-461. 


1206 


RESPIRATORY  CARE  •  NOVEMBER   91  Vol  36  No  1 


Manual  Ventilation  during  Magnetic  Resonance  Imaging 

William  F  Ta\  loi  BS  RRT,  Patrick  D  Pangburn  MS  RRT,  and  Alan  Paschall  MD 

Mechanical  ventilation  during  magnetic  resonance  imaging  (MRI)  requires  a 
specially  constructed  ventilator  that  contains  no  ferromagnetic  components; 
howe%er,  the  expense  of  acquiring  such  a  \entilator  ma>  not  be  warranted  if 
projected  use  is  infrequent.  We  adapted  a  l.aerdal  manual  resuscitator  to  allow 
its  use  during  MRI,  and  report  the  simulation  and  monitoring  procedure  that 
we  developed  and  the  successful  ventilation  of  three  pediatric  patients  with  the 
device.  ( Respir  Cmc  1 49 1 :36: 1 207- 1 2 1 0. ) 


Introduction 

Magnetic  resonance  imaging  (MRI)  is  employed 
to  resolve  questions  related  to  the  central  nervous 
system  that  have  gone  unanswered  by  other  imaging 
techniques.'  The  strong  magnetic  field  generated 
by  the  imager  requires  that  equipment  within  the 
imaging  room  contain  no  ferromagnetic  components 
that  might  interfere  with  imager  and  equipment 
function  or  that  might  endanger  personnel.  Although 
a  specially  constructed  ventilator  that  contains  no 
ferromagnetic  components  is  available,  the  expense 
of  acquiring  such  a  ventilator  may  not  be  warranted 
if  projected  u.se  is  infrequent. 

We  adapted  a  Laerdal  manual  resuscitator  to  allow 
its  use  during  MRI.  Because  the  imaging  cylinder 
is  too  small  to  accommodate  both  patient  and 
therapist,  extension  tubing  (5-6  ft  depending  on 
imager  design)  is  needed  to  cover  the  distance 
between  the  patient  and  the  therapist  after  the  patient 
has  been  mo\ed  into  the  imaging  cylinder  (Fig.  1 ). 
When  a  manual  resuscitator  is  adapted  for  use  during 
MRI.  increased  circuit  dead  space  must  be  avoided. 


Mr  Taylor  is  Pediatric  Clinical  Specialist  and  Mr  Pangbuni 
is  Clinical  Manager.  Respiratory  Care  Services,  and  Dr  Paschall 
is  Director.  Pediatric  Intensive  Care  Unit — Oregon  Health 
Sciences  University.  Portland.  Oregon. 

Reprints:  William  F  Taylor.  Respiratory  Care  Services.  Oregon 
Health  Sciences  University,  3181  SW  Sam  Jackson  Park  Rd. 
Portland  OR  97201. 


This  precludes  extension  tubing  proximal  (toward 
the  patient)  from  the  resuscitator  inflating- 
exhalation  valve  because  such  tubing  would 
constitute  increased  dead  space.  Therefore,  the 
intlating-exhalation  valve  must  be  detachable  from 
the  body  (ie.  'bag")  of  the  manual  resuscitator  to 
allow  extension  tubing  to  be  placed  between  the 
intlating-exhalation  valve  and  the  resuscitator  bag. 
Although  many  models  of  disposable  resuscitator 
are  available,  we  know  of  only  two  that  allow 
extension  tubing  to  be  placed  between  valve  and 
bag — the  Laerdal  and  the  Mercury  CPR — and  report 
here  our  experience  with  the  Laerdal.-* 

Description  of  Apparatus 

We  detached  the  low  dead-space  (approximately 
8-10  mL)  innating-exhalatit)n  \al\e  from  the  bag 
of  the  resuscitator,  and  inserted  66  inches  of  large- 
bore  corrugated  tubing  (approximately  550  mL 
internal  volume)  between  the  valve  and  the  bag. 
A  tapered  22-mm-to-23-mm  adapter  is  necessary 
to  assure  a  snug  fit  between  corrugated  tube  and 
resuscitator  bag.  The  oxygen  .source,  an  MRI- 
compatible  oxygen  E-cylinder  and  regulator,  was 
used  in  the  imaging  room.  The  oxygen-reservoir 
tubing  on  the  manual  resuscitator  was  kept  in  place 
to  maximize  oxygen  delivery. 


*Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 
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MANUAL  VENTILATION  DURING  MRI 


For  inl'anl  xcnlilatinn.  ihc  cMcnsioii  is  prt)\idccl 
by  Tygon  tubing  connected  to  the  l.aerdal  hag  uilh 
a  universal  15-nini  ID/22-nini  OD  adapter,  a  rubber 
connector,  and  a  large  ET-tube  adapter  (8-9  mm). 


*-%> 


Fig.  1.  A  therapist  uses  modified  Laerdal  manual 
resuscitator  during  magnetic  resonance  imaging  (MRI)  of 
a  ventilator-dependent  child.  Modification  (with  extension 
tubing  and  MRI-compatible  oxygen  cylinder  and  regulator) 
allows  ventilation  to  continue  after  patient  has  entered 
the  imaging  cylinder. 


Methods  of  Kvaluation 

Monitoring  and  Simulation 

Prior  to  transport,  simulation  of  ventilation 
anticipated  during  MRI  is  performed  in  the 
controlled  en\ironment  of  the  ICl)  uith  an  end- 
tidal  or  transcutaneous  CO2  (PtccoJ  monitor,  pulse 
o.ximeter.  and  pro.ximal  airway  pressure  manometer 
in  place  to  allow  the  therapist  to  modify  oxygen 
How  and  depth  and  frequency  of  bag  compression 
to  maintain  oxygenation  and  ventilation  comparable 
to  that  achieved  with  the  \CV  \enlilator.  Mixiitor 
adequacy  is  confirmed  by  blood  gas  analysis  before 
transport.  During  transport  and  MRI.  the  therapist 
maintains  the  established  pattern  of  ventilation  and 
observes  the  patient  closely.  Oxygenatitin  is 
monitored  continuously  in  tiic  imaging  room  by  an 
MRl-compaliblc  iiulsc  oximctci. ' 


.Application  of  Method 

W  c  ha\e  successtully  supported  three  ventilator- 
dependent  chiiilrcn  during  MRI  using  the  modifi- 
cation and  prt)cedure  described. 

Case  1 :  A  4-year-oid  boy  unconscious  as  a 
consequence  of  a  pedestrian-motor  vehicle  accident 
was  admitted  to  our  pediatric  intensive  care  unit 
(PICLM  with  a  cervical  collar  in  place.  He  was  being 
manually  \entilated  via  an  oral  endotracheal  tube. 
Examination  rcxcalcd  multiple  skin  abrasions,  lack 
of  spontaneous  respiratory  effort,  and  Glasgow- 
Coma  Score  of  6.  He  was  placed  on  a  Siemens 
Servo  900C  ventilator,  and  blood  gas  values  were 
normalized.  When  the  patient  regained  concious- 
ness.  he  was  unable  to  move  his  extremities  or 
demonstrate  respiratory  effort.  Plain  cer\ical-spine 
radiographs  and  computerized  tomography  failed  to 
demonstrate  cervical  spine  involvement.  MRI  was 
requested  in  an  attetnpt  to  determine  the  location 
and  extent  of  cord  injury. 

In  the  monitored  environment  of  the  PICU,  a 
pulse  oximeter  and  a  Ptcco,  monitor  were  placed 
on  the  patient  and  allowed  to  equilibrate.  An  arterial 
blood  sample  was  obtained  for  analysis  to  validate 
the  accuracy  of  the  monitors.  The  patient  was  taken 
off  the  ventilator  and  manually  ventilated  for  about 
20  minutes  with  a  pediatric  Laerdal  bag  configured 
as  previously  described.  The  degree  of  chest 
expansion  for  a  given  peak  pressure  was  noted,  and 
the  ventilation  rate  was  kept  constant.  The  peak 
inspiratory  pressure,  pulse  oximeter  satiuati(Mi 
(Spo,).  and  Ptcco.  \^^"''^"  maintained  at  approximate!) 
the  same  level  as  during  mechanical  ventilation. 
Monitoring  was  continuous,  and  no  clinically 
important  changes  were  seen  in  heart  rate  (90  before, 
100  after),  blood  pressure  (98/48  before.  98/48 
after).  Spo  (JOO'^r  before.  lOO'r  after).  P„.r,)  (46 
before.  40  after).  After  20  minutes  o(  manual 
Ncntilation.  blood  gas  values  were  within  acceptable 
limits  (pH  7.51,  Paco,  42,  Pao,  373). 

The  patient  was  taken  to  MRI.  The  scan  revealed 
contusion  of  the  spinal  cord  at  the  craniocervical 
junction,  without  cord  transection.  Throughout  the 
procedure,  heart  rate  ranged  from  90-100  and  Spo, 
from  98-100',r.  The  MRI  study  was  repeated  on 
the  following  day  to  define  possible  lower  brain- 
stem injury.  Tlie  same  method  of  ventilation  was 
employctl.  again  uilhoul  complications. 
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Case  2:  MRI  was  requested  Id  evaluate  possible 
brain-stem  ehanges  resulting  from  recent  meningitis 
in  a  3.5-year-old  girl  with  primary  pulmonary 
alveolar  hypoventilation  syndrome  (Ondine's 
Curse)  who  had  been  ventilator-dependent  since 
birth.  A  successful  simulation  of  nianual  ventilation 
and  monitoring  prior  to  MRI  was  performed  in  the 
PICU  as  in  Case  I,  and  the  MRI  was  accomplished 
without  incident. 

Case  3:  A  3.5-year-old  girl  was  admitted  to  the 
PICU  from  the  operating  room  where  she  had 
undergone  repair  of  multiple,  complex  craniofacial 
deformities.  Her  course  was  uneventful  except  for 
unexplained  intermittent  episodes  of  bradycardia. 
An  MRI  was  ordered  to  determine  if  a  tonsillar 
herniation  or  other  brain-stem  involvement  might 
be  the  cause  of  these  episodes.  A  successful 
simulation  of  manual  ventilation  and  monitoring  was 
performed  in  the  PICU  as  in  Cases  I  and  2,  and 
the  subsequent  MRI  was  accomplished  without 
incident. 

Discus.sion 

The  need  to  artificially  ventilate  patients  during 
MRI  may  occur  infrequently  in  some  institutions, 
but  in  some  patients  MRI  may  be  important  for 
defining  the  pathology  present.  We  believe  that  the 
method  we  have  described  is  easy,  reliable,  and 
inexpensive. 

The  importance  of  monitoring  the  patient  cannot 
be  overemphasized.  Standard  electrocardiographic 
monitoring  is  not  possible  in  the  scanning  room,  and, 
therefore,  other  monitoring  must  be  utilized.^ ''  The 
therapist  must  observe  the  integrity  of  airway 
connections  and  the  degree  of  chest  expansion.  In 
the  event  of  an  airway  disconnection,  the  scanner 
can  be  stopped,  and  the  patient  extracted  from  the 
.scanning  cylinder  in  a  matter  of  seconds.  The  pulse 
oximeter  should  be  positioned  for  direct  observation 
by  the  therapist  to  ensure  adequate  oxygenation  and 
heart  rate.  The  therapist  should  be  positioned  to  allow 
intermittent  monitoring  of  pulse  in  the  patient's  extre- 
mities to  correlate  with  pulse-oximeter  function.  The 
compressible  volume  of  the  extension  tubing  can. 
of  course,  affect  the  tidal  volume  delivered  to  the 
patient.  If  adequate  chest  expansion  cannot  be 
achieved  with  the  pediatric  resuscitator,  the  adult  size 
must  be  used.  However,  we  believe  that  the  clinical 


reconcilalion  of  chest  motit)n  during  manual 
ventilation  with  motion  during  mechanical  ventila- 
tion, and  the  assurance  of  stable  Ptcco,  confirmed 
by  blood  gas  analysis  provides  sufficient  protection 
from  possible  hypoventilation  in  stable  patients. 

Although  this  is  a  simjilc  modification  that  met 
with  no  objections  from  the  manufacturer's  repre- 
sentative and  is  easy  to  use,  it  must  be  remembered 
that  any  modification  of  equipment  is  the  respon- 
sibility of  the  person  or  institution  making  and  tising 
that  inodification. 

PRODUCT  SOURCES 

Manual  Rususeitators: 

#5.sOOU4.  Lacrdal  Nondisposable  (infant).  Laerdal  Medical 

Corp,  Armonk  NY 
#560004.  Laerdal  Dispcisable  (pediatric).  Laerdal  Medical 

Ciirji.  Amionk  NY 
S.'iTOOO.'i.  Laerdal  Disposable  (adult),  l.aerdal  Medical 

Corp.  Amionk  NY 
Mercury  CPR  (disposable).  Mercury  Medical.  Clearwater  FL 

Mechanical  Ventilator: 

Model  S-171  95.  .Siemens  .Servo  900C.  Siemens-Elema. 
Solna.  Sweden 

Pulse  Oximeters: 

N-200  (non-MRI-compatible).  Nellcor  Inc. 

Hayward  CA 
Model  BCl  Microspan  1040A  (MRl-compatible). 

Biochem  International.  Waukesha  W'l 

Transcutaneous  Carbon  Dioxide  Monitor: 

Model  8I()A.  Novametrix  Medical  Systems  Inc 
Waliingford  CT 

Tubing,  Connectors,  and  Adapters: 

Oxygen  tubing  (No.  001301 ).  Baxter  Healthcare  Corp. 

Valencia  CA 
Rubber  connector  (No.  172200).  Marquest  Medical  Products. 

Englewood  CO 
15-mm  ID/22-mm  OD  adapter  (No.  172215).  Baxter 

Healthcare  Corp.  Valencia  CA 
Large-bore  disposable  tubing  (No.  001426).  Baxter  Healthcare 

Corp,  Valencia  CA 
Tygon  tubing,  VWR  Scientific.  Seattle  WA 
ET-tube  adapters,  Poriex.  A  Smith  Industries  Medical  Systems 

Co,  Wilmington  MA 

MRI-Compatible  Oxygen  Tank  and  Regulator: 

Veritlo  Corp,  Richmond  CA 
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CORRECTION 

An  error  occurred  in  Svedmyr"s  paper  "Clinical  .'\dvantages  of  the  Aerosol 
Route  of  Drug  .Administration"  (Respir  Care  1991:36:922-930).  Figure  5  was 
incorrect:  the  corrected  figure  and  its  legend  appear  below.  We  regret  the 
error. 


HiRh-dose  inhaled  versus  intravenous  salbutamol  in  severe  acute  asthma 
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Fig.  5.  Mean  peak  expiratory  flow 
(PEF)  values  and  heart  rate  in  a  parallel 
group  stuijy  of  176  patients  treated 
either  with  intravenous  salbutamol  (5 
/;g/kg)  or  with  salbutamol  (0.15  mg/kg) 
inhaled  in  two  periods  (I  and  II)  30 
minutes  apart.  (Reprinted,  with  permis- 
sion, from  Eur  Respir  J  1990:3:163- 
170.) 
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Acute  Effects  of 'Standard'  Smoke  Injury 
to  the  Lung  Parenchyma 

Gary  F  Nieman  BS 


Introduction 

Clinicall)  important  smoke  inhalation  is  present 
in  2\''(  of  bmn  victims  and  plays  a  major  role  in 
the  mortality  rate  (28-57'7f )  of  these  patients.'-*  In 
fact,  respiratory  tract  damage  is  a  primary  cause 
of  death  in  the  burn  \  ictim  and  is  a  major  factor 
complicating  treatment.-* ''  Smoke-inhalation  victims 
who  enter  the  health-care  system  present  a  wide 
range  of  signs  and  symptoms,  from  no  overt  lung 
involvement  to  obvious  respiratory  dysfunction. 
Some  patients  with  subclinical  inhalation  injury  will 
progress:  those  patients  with  multiple  insults  (smoke 
inhalation,  burns,  trauma)  and  those  for  whom 
resuscitation  (fluid  challenge)  was  necessary 
comprise  the  group  most  likely  to  experience  further 
deterioration  of  respiratory  function.'  In  severe  cases 
of  smoke  inhalation  ciimbined  \\  ith  cutaneous  burns, 
mortality  is  high  and  death  occurs  quickly  (within 
10  days).'' 

Although  heat  may  damage  the  upper  airway 
(including  the  laryngeal  region),  heat  is  not  a  factor 
in  the  pathology  of  the  pulmonary  parenchyma.'' 
The  heat  exchange  capacity  of  the  upper  airway 
effectively  dissipates  the  hot  inhaled  air,  reducing 
it  to  body  temperature  before  it  reaches  the  lung 
parenchyma.  The  majority  of  deaths  from  fires  are 
caused  by  sinoke  inhalation  and  not  burns. '^ 

Smoke  is  defined  as  a  suspension  of  particulate 
matter  in  a  mixture  of  hot  gases.  The  upper  airway 
usually  filters  out  larger  particles  while  toxic  gases 
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and  smaller  particles  (5-10  /jm)  enter  the  small 
airways  and  alveoli.''  Particles  act  as  vector  aerosols 
for  aldehydes  and  organic  acids,  delivering  these 
toxic  agents  deep  into  the  lung.'"  Carbon  monoxide 
is  the  most  dangerous  gas  produced  in  fires."  and 
is  the  leading  cause  of  death  within  24  hours  of 
the  inhalation  injury. '- 

Despite  significant  mortality  and  morbidity  in  the 
inhalation  patient,  the  mechanisms  for  the  respi- 
ratory dysfunction  were  unknown  until  recently.  A 
major  problem  in  the  study  of  inhalation  injury  is 
the  lack  of  uniformity  of  the  smoke  inhaled.  The 
number  of  possible  fuel  sources  and  the  variations 
in  the  amount  of  oxygen  available  for  combustion 
can  result  in  the  generation  of  an  almost  unlimited 
variety  of  toxins.  For  this  reason,  smoke  toxicology 
in  real-fire  scenarios  is  poorly  understood,  despite 
the  fact  that  animal  inodels  using  a  so-called 
standard  fuel  source  have  been  developed  in  recent 
years  and  have  expanded  our  knowledge  of  smoke 
inhalation  pathophysiology.''  In  this  article,  I  deal 
with  the  acute  effects  of  standard-smoke  injury'^ 
and  not  with  repair  and  healing  of  the  lung  or  the 
long-term  effects  of  inhalation  injury.  (Standard- 
smoke  injury  is  the  injury  resulting  from  a  5-minute 
exposure  at  tidal  breathing  to  the  smoke  generated 
by  burning  plywood  sawdust  moistened  with 
kerosene.'-*) 

In  Figure  1,  the  lung  is  represented  by  two  alveoli 
connected  by  a  respiratory  bronchiole  to  a  major 
airway,  with  a  single  pulmonary  capillary  shown 
in  close  approximation  to  the  alveoli.  Interstitial 
tissue  lies  between  the  alveoli  and  capillary.  Both 
the  alveolarepithelium  and  the  vascular  endothelium 
are  depicted  as  a  continuous  unit  to  represent  the 
normal  relative  impermeability  of  these  membranes 
to  both   tluids   and  protein.   In   other  words,   the 
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endothelium  restricts  fluid  and  prutein  from  mo\ing 
into  the  interstitial  space  (IS),  and  the  epithelium  resists 
fluid  movement  from  the  IS  into  the  alveolus.  Although 
not  shown  in  the  figure,  it  is  assumed  that  a  layer 
of  pulmonarx  surfactant  lines  the  surface  of  the  aheoli. 
Surfactant  pla)s  a  role  in  both  lung  inllation  and  lung- 
fluid  balance.'-'"'^  Red  bkx)d  cells  and  a  neutrophil 
are  shown  flowing  through  the  capillar),  and  an 
alveolar  macrophage  is  seen  inside  the  aheolus.  All 
these  structures  play  a  role  in  the  patheiphysiology 
produced  by  smoke.  (A  detailed  de.scription  of  lung 
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Fig.  1 .  The  lung  as  represented  by  two  alveoli,  an  ainA/ay. 
and  a  single  capillary.  The  alveolar  epithelium  and  the 
vascular  endothelium  are  depicted  as  continuous 
structures  to  illustrate  their  relative  impermeability  to  fluid 
and  protein. i^^8 
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Fig.  2.  Smoke  initially  destroys  or  deactivates  surfactant 
(A),  damages  alveolar  epithelial  cells  (B).  and  elevates 
carboxyhemoglobin  (C). 


fluid-balance  physiology,  including  the  role  of 
endothelial  and  epithelial  permeability  and  aheolar 
surface  tension,  can  be  found  in  other  reviews.'^'*) 

Pathophysiologic  Mechanisms 

The  entrance  of  standard  smoke  into  the  alveolus 
results  in  three  primary  injuries'-*  (Figs.  2-4).  Smoke 
deactivates  or  destroys  pulmonary  surfactant,  which 
elevates  alveolar  surface  tension  (Fig.  2).  High 
surface  tension  causes  both  alveolar  collapse 
(resulting  in  pulmonar\  shunting'^''*)  and  pulmo- 
nary edema. '^  Pulmonar>  damage  from  smoke  is 
not  uniform  and  can  result  in  the  de\elopment  of 
atelectatic  lung  areas  adjacent  to  full\  intlated 
areas.'-"  This  nonsegmental  atelectasis  is  probably 
due  to  uneven  distribution  of  smoke  throughout  the 
lung.  Smoke  directly  damages  epithelial  cells 
thereby  increasing  alveolar  epithelial  permeability 
(Fig.  ?<)■.-"  and  carbon  monoxide  binds  with 
hemoglobin  in  the  red  blood  cells,  significantly 
reducing  the  oxygen-carrying  capacity  of  the 
blood.'''  These  primary  injuries  begin  a  sequence 
of  pathologic  events  that  results  in  a  lung  injury 
similar  to  that  found  in  the  adult  respiratory  distress 
svndrome(ARDS).-'---^ 
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Fig.  3  Smoke  produces  a  nonsegmental  atelectasis 
(represented  by  one  collapsed  and  one  inflated  alveolus) 
due  to  uneven  distribution  of  smoke  and  asymmetrical 
damage  to  surfactant.  Damaged  epitfielium  releases 
cfiemotactic  factors  that  recruit  and  activate  neutrophils. 
Elevated  alveolar  surface  tension  increases  transvascular 
fluid  flux  (edema  fluid). '5 '6.2-» 
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Smoke-induced  nonsegmcnlal  atelectasis — repres- 
ented schematicaii\  as  one  cDJiapsed  and  one  inllated 
alveoli  in  Figure  3 — increases  pulmonary  shunting 
(which  results  in  hypoxemia'-*''')  and  high  alveolar 
surface  tension  increases  lung  water."'"*  Elevated 
surface  tension  has  a  "suction"  effect  that  decreases 
the  interstitial  h\drostatic  pressure  thereby  estab- 
lishing a  pressure  gradient  that  fa\ors  fluid  mo\ement 
from  the  capillary  into  the  interstitium."' '^-^  A 
moderate  amount  of  edema  fluid  is  shov\n  mining 
from  the  capiilan  Mo  the  interstitium  (interstitial 
edema)  in  response  to  the  elevated  surtace  tension 
(Fig.  3).  Smoke  is  known  to  increase  alveolar 
epithelial  pemieability-"  (represented  schematically 
by  a  change  from  the  normal  continuous  epithelium 
shown  in  Figure  2  to  a  discontinuous  epithelium  in 
Figure  3.)  A  damaged  epithelial  membrane  predis- 
poses the  alveolus  to  flooding.'** 
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Fig.  4.  Activated  neutrophils  accumulate  in,  adhere  to,  and 
damage  the  vascular  endothelium  (horizontal  broken  lines) 
by  releasing  toxic  oxygen  radicals  and  proteases;  a  high- 
permeability  pulmonary  edema  results.  Damaged  epithe- 
lium predisposes  the  alveolus  to  flooding.  The  pathology 
at  this  stage  of  inhalation  injury  is  similar  to  ARDS. 21-23 


Carbon  monoxide  binds  with  hemoglobin  thereby 
reducing  the  oxygen-carrying  capacity  of  the  blood. 
The  combination  of  increased  shunt  (atelectasis)  and 
decreased  blood  oxygen-cairying  capacity  due  to 
COHb  results  in  an  important  decrea.se  in  oxygen 
delivery  (Fig.  5).  Although  unproven.  smoke- 
damaged  epithelium  and  macrophages  probably 
release   chemotactic    polypeptides    (Fig.    3)    that 


activate  and  recruit  neutrophils. -*"  Accumulation  of 
activated  neutrophils  in  the  pulmonary  va.sculature 
with  subsequent  release  of  toxic  oxygen  radicals 
and  proteases  is  belie\  ed  responsible  for  the  majority 
of  the  lung  damage  and  pulmonary  edema  associated 
with  smoke  inhalation.-*'-**  However,  the  toxic 
chemicals  in  smoke  also  may  cause  direct  pulmonary 
damage.'"-'*  My  co-workers  and  I  have  denu)n- 
strated  an  immediate  increase  in  pulmonary  lymph 
flow-''  and  extravascular  lung  water'''  following 
wood  smoke  inhalation,  indicating  that  toxins  in 
the  smoke  directly  damage  pulmonary  endothelium. 
It  is  likely  that  both  of  the  above  mechanisms  play 
a  role  in  high-permeability  pulmonary  edema 
following  smoke  inhalation  (Fig.  5). 
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Neutroohll  degranulation 
with  release  or  proteolytic 
enzymes  and  oxygen  radicals 


Endothelial  Damage 


Edema 


Fig.  5.  Pathophysiologic  sequelae  of  smoke  inhalation  on 
the  pulmonary  parenchyma — initial  damage  to  epithelium 
and  surfactant  and  elevation  of  COHb.  Direct  damage  to 
endothelium  (dotted  line)  may  also  occur.  Atelectasis, 
high-permeability  edema,  hypoxemia,  and  decreased 
oxygen  delivery  are  typical  of  late-stage  smoke  inhalation. 

Traber  et  aP"  demonstrated  a  delay  between 
insufflation  of  cotton  smoke  and  increased 
pulmonary  lymph  How  and  extravascular  lung 
water.  They  believed  that  the  delay  between  injury 
and  pathology  represented  the  time  necessary  to 
recruit  a  sufficient  number  of  activated  neutrophils 
to  damage  the  pulmonary  vascular  endothelium.-'' 
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A  large  number  o\'  acti\ate(J  ncutiDphils  ha\c 
adhered  to  the  vascular  endothcHum  in  response 
to  release  of  eheniotactic  factors  (Fig.  4).  These 
neutrophils  degranulate.  releasing  toxic  oxygen 
radicals  and  proteases^'  that  (added  to  direct  damage 
from  toxins  in  the  smoke)  injure  the  \ascular 
endothelium  and  increase  its  permeabilit\  to  both 
fluid  and  protein.  A  large  amount  of  edema  fluid 
is  seen  flowing  through  the  damaged  pulmonary 
capillan,'  into  the  interstitium  and  eventually  into 
the  aUeolus  (Fig.  4).  AKeolar  flooding  may  occur 
s\viftl\  (due  to  the  increase  in  alveolar  epithelial 
permeability  as  illustrated  in  Figure  4  and  6-"). 
which  will  exacerbate  the  hypoxemia  initially 
caused  by  the  atelectasis.  At  this  point,  the  pathology 
of  the  smoke-injured  lung  is  similar  to  that  of  a 
lung  in  a  patient  with  ARDS  (ic.  ARDS  is 
characterized  by  severe  hypoxemia  and  high- 
penneability  pulmonary  edema--  with  the  patho- 
genesis including  complement  activation.'-  prosta- 
glandin release.''  and  neutrophil  sequestration  with 
subsequent  release  of  toxic  oxygen  radicals  and 
elastase-'). 


PvVVVVVN  =  Damaged  Epithelium 
C  Z  Z  1 "  Damaged  Endothelium 

IS  ■  Interstitial  Space 
Pc  Capillary  Pressure 
TT"  Colloid  Oncotic  Pressure 
5T"  Alveolar  Surface  Tension 


Fluid  Flux-KfCPcJ-SlgmaCIT) 


Sigma- Vascular  permeability  to  protein 
Kf-vascular  permeability  to  fluids 
k  -Direction  of  Fluid  Movement 

Fig.  6.  Overview  of  physiologic  forces  effecting 
transvascular-fluid  movement  in  the  smoke-damaged 
lung.  Smoke-injured  epithelial  and  endothelial  membranes 
(broken  lines)  allow  Increased  transmembrane  movement 
of  botfi  fluid  (Kf)  and  protein  (ir).  Increased  alveolar  surface 
tension  (ST)  reduces  the  interstitial  hydrostatic  pressure 
increasing  the  transvascular  pressure  gradient  (capil- 
lary -  interstitial  pressure).  Crystalloid  resuscitation  for  a 
concomitant  surface  burn  decreases  colloid  oncotic 
pressure  (n)  and  thus  reduces  the  amount  of  fluid  absorbed 
into  the  vessel  from  the  interstitial  space. 


The  physiologic  forces  responsible  for  the 
mmcment  of  fluid  from  the  vasculature  into  the 
interstitium  are  highlighted  in  Figiuc  6.  Vascular 
h_\drostatic  pressure  (Pj  and  colloiil  oncotic 
pressure  (7i)  are  the  two  major  forces  governing 
the  movement  of  fluid  across  the  vascular 
endothelium.  P^  tends  to  move  fluid  out  of  the 
\asculaturc  by  hNtlrostatic  forces  and  71  tends  to 
absorb  fluid  from  the  interstitium  into  the 
vasculature  by  osmotic  forces.  AUeolar  surface 
tension  exerts  a  force  on  the  interstitial  space;  as 
surface  tension  increa.ses.  the  interstitial  hydrostatic 
pressure  decreases  thus  increasing  the  pressure 
gradient  across  the  \asculaturc.  The  pcrmeabilits 
t)f  the  \ascuhiturv  lo  both  lluid  (Kf)  and  protein 
(a)  also  plays  a  critical  role  in  transvascular  tluid 
flux.  As  the  permeability  increases,  the  amount  of 
tluid  moving  out  of  the  vasculature  at  any  given 
capillary  pressure  also  increases.  A  detailed 
description  of  the  physiology  of  lung  fluid-balance 
can  be  found  in  other  re\iews."*'-'''^ 

Understanding  the  forces  that  govern  trans\  ascular 
tluid  flux  clarifies  why  the  smoke-injured  lung  is 
so  susceptible  to  pulmonarv  edema  (Table  1 ).  Smoke 
damages  both  the  \ascular  endothelium.-^-**'" 
effecting  a  high-permeability  pulmonary  edema,  and 
the  alveolar  epithelium  predisposing  the  alveoli  lo 
Hooding.-"  High  alveolar  surface  tension  causes  a 
'suction'  effect  decreasing  the  hydrostatic  pressure 
in  the  interstitial  space  (Fig.  6).'^  "'■-"  This  increases 
the  pressure  gi'ailient  across  the  endothcliLun  icapillarv 
interstitial  pressure!  and  increases  transvascular  fluid 
flux,  even  if  P^  does  not  change.  However,  recent 
studies  have  shown  that  smoke  inhalation  mav 
increase  P^.  greativ  accelerating  tluid  mov ing  thimigh 
the  damaged  endothelium."'  Also,  recent  data  suggest 
that  control  of  iiulmonarv  perfusion  mav  be  impaucd 


r^itilc  I.  The  I'alluilogic  Consequences  (if  Snu>kc  liih.il.ilKin 
ttiat  Precipitate  Pulnionary  Eidema 

Increased  vascular  endottielial  permeability-'^-''"" 
liKivasetl  alveolar  epithelial  pemieahility-" 
IiKicaseJ  alveolar  surface  tension'"^"' 
Increased  pulnmnai-)  capillary  hydrostatic  pressure"' 
Loss  of  pcrtusitin  control" 
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by  smoke  inhalation."  Theoretically,  blood  should 
be  shunted  away  (vascular  derecruitnient)  t'roni 
sinokc-injured  lung  areas  by  the  mechanism  of 
hypoxic  pulmonary  vasoconstriction.''^  but  prelimi- 
nary studies  indicate  that  blood  How  actually  increases 
to  atelectatic  lung  areas  damaged  b_\  smoke."  The 
failure  to  derecruit  injured  areas  of  the  lung  has  been 
shown  to  be  an  impoilanl  factor  in  the  morbidity 
and  moilality  of  ARD.S  patients.-' 

The  factors  described  put  the  smoke-exposed  lung 
at  risk  for  developing  edema,  especially  if  large 
volumes  of  fluids  are  needed  to  resuscitate  the 
patient  with  a  major  burn:'''  victims  of  smoke 
inhalation  frequently  sustain  extensive  burns. -^^ 
Rapid  infusion  of  crystalloids  (saline)  tend  to 
decrease  tc,  reducing  the  quantity  of  tluid  absorbed 
from  the  interstitium  and  thus  increasing  the  net 
volume  of  tluid  entering  the  interstitial  space  and 
accelerating  the  rate  of  edema  formation.'*^ 


Clinical  Aspects  of  Management 

The  treatment  of  severe  smoke  inhalation  and 
ARDS  are  similar:  both  treatment  regimens  are 
mostly  supportive  and  represent  response  to  the 
clinical  signs  rather  than  an  attack  on  the  underlying 
pathology.  Smoke-inhalation  injury  results  in 
atelectasis,  secondary  to  surfactant  deactivation.'^ 
and  alveolar  flooding  secondary  to  increased 
permeability-"  and  high  surface  tension.  "'-■*  The 
resultant  hypoxemia  is  caused  by  intrapulmonary 
shunting  (ie.  perfusion  of  unventilated  alveoli)  with 
the  diagnosis  made  by  arterial  blood  gas  analysis. 
Although  the  hypoxemia  attributable  to  ventilation- 
perfusion  mismatch  may  be  corrected  with 
supplemental  oxygen,  frank  intrapulmonary  shunt- 
ing and  increased  alveolar  dead  space  may  require 
intubation  and  mechanical  ventilation.  Shunting 
may  also  respond  to  the  addition  of  positive-end 
expiratory  pressure  (PEEP).  These  procedures  may 
improve  oxygenation,  but  they  do  not  address  the 
underlying  causes  of  the  hypoxemia  (namely  the 
increase  in  vascular  permeability  and  high  alveolar 
surface  tension).  Current  research  is  exploring 
protocols  targeted  at  reversing  those  pathologic 
changes. 


Current  Areas  of  Research 

A  number  of  experimenial  studies  have  demon- 
strated that  free-oxygen-radical  production  asso- 
ciated with  lung  injury  damages  pulmonary 
microvascular  membranes  and  increases  vascular 
permeability.-*"  The  cellular  damage  caused  by  the 
toxins  contained  in  the  smoke  cannot  be  prevented: 
however,  the  secondary  injury  caused  by  oxygen 
radicals  and  proteases  is  treatable.  Brown  et  al" 
treated  sheep  following  cotton  smoke  inhalation 
with  the  free-oxygen-radical  scavenger  dimethyl- 
sulfoxide  (DMSO),  and  significantly  reduced  the 
severity  of  injury.  Also,  Kimura  et  aH'  treated 
animals  with  antiproteases  folk)wing  smoke 
inhalation  and  found  that  pulmonary  damage  was 
less  severe.  In  various  lung-injury  models,  several 
drugs  that  either  block  free-radical  production  or 
act  as  free-radical  scavengers  (ie.  allopurinol, 
catalase.  DMSO,  dimethylthiourea  |DMTU|. 
deferoxamine,  acetylcysteine)  ha\e  been  associated 
with  decreased  lung  damage.  These  preliminary 
studies  suggest  a  potential  role  for  drugs  with 
antiprotease  and/or  antioxygen-free-radical  activity 
in  the  treatment  of  smoke  inhalation. 

The  nonsteroidal  anti-intlammatory  drug,  ibu- 
profen.  has  been  shown  to  prevent  the  formation 
of  pulmonary  edema  following  smoke  inhalation 
in  rats.-*-  Ibuprofen  blocks  the  rise  of  the  leukotriene 
thromboxane  and  increases  the  formation  of 
prostacyclin.  Leukotrienes  are  powerful  vasoactive 
and  edemagenic  metabolites  of  arachidonic  acid.-*"* 
Conversely,  prostacyclin  is  associated  with  less 
platelet  aggregation,  improved  microcirculation 
perfusion,  and  decreased  vascular  permeability .•*-*'^-'' 
It  is  possible  that  ibuprofen's  protective  actions  are 
independent  of  its  effect  on  eicosanoids.  Ibuprofen 
has  been  shown  to  stabilize  lysosomal  membranes,'*^ 
inhibit  leukocyte  migration,-*^  and  inhibit  platelet 
aggregation.-***  all  of  which  would  be  beneficial  in 
the  treatment  of  smoke  inhalation.  On  the  other  hand, 
use  of  steroidal  anti-inflammatory  drugs  in  the 
treatment  of  smoke  inhalation  has  proven  ineffec- 
tive. In  a  recent  study,-*''  we  found  that  methylpred- 
nisolone  did  not  lessen  the  pulmonary  trauma 
associated  with  our  animal  model  of  smoke 
inhalation.  These  observations  are  consistent  with 
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the  lack  of  steroid  bcnctit  in  palicnis  wilii  inhalation 
injury.'^" 

The  studies  described  have  focused  on  pre\  enting 
or  reducing  the  degree  of  vascular  damage 
associated  with  smoke  inhalation:  however,  re- 
establishing the  damaged  surfactant  system  is  a 
second  possible  approach  to  the  treatment  of  smoke 
inhalation.  Om- group  recently  began  astud\  (funded 
by  the  American  Respiratory  Care  Foundation)  in 
which  we  attempt  to  replace  pulmonar>  surfactant 
following  smoke  inhalation  with  aerosolized 
Exosurf'"''  (Burroughs-Wellcome  Co.  Research 
Triangle  Park  NC).  Exosurf  is  a  totally  synthetic 
surfactant  containing  the  active  ingredient 
dipalmito\lphosphatidylcholme  (DPPC).  In  our 
study,  animals  are  anesthetized  and  placed  on  a 
ventilator.  The  aerosolized  surfactant  is  delivered 
continuously  with  tidal  ventilation  for  4  hours 
follou  ing  smoke  exposure.  Preliminary  data  suggest 
that  aerosolized  surfactant  is  ineffective  in  severe 
smoke  inhalation  (COHb  ^  50-60%).  but  is 
effective  in  treating  less  severe  injury  (COHb  ^  20- 
25%). 

In  summary,  inhalation  of  standard  smoke 
initially  damages  the  alveolar  epithelium,  the 
vascular  endothelium,  and  the  pulmonary  surfactant 
system,  which  sets  in  motion  a  chain  of  pathologic 
events  ending  with  a  lung  injury  similar  to  that  of 
ARDS  (Fig.  5).  Smoke  injures  the  lung  in  such 
a  way  as  to  make  it  highly  susceptible  to  developing 
pulmonary  edema  (Table  1);  the  rate  of  edema 
formation  may  be  accelerated  if  intravenous  Huid 
is  administered  to  treat  a  concomitant  surface  burn. 
Current  research  suggests  thai  free-radical  sca- 
vengers, antiproteases.  leukotriene  inhibitors, 
prostacyclin,  and  exogenous  surfactant  ma\  prove 
effective  in  the  treatment  of  snK)ke  inhalation. 
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Introduction 

The  effective  removal  of  bronchial  secretions  is 
one  of  the  important  aspects  of  care  in  the  manage- 
ment of  patients  uith  chronic  pulmonary  conditions 
characterized  by  large-volume  sputum  production 
(>  30  mL/day).'-  These  include  diseases  such  as 
cystic  fibrosis  (CF).  chronic  bronchitis  (CB).  and 
bronchiectasis.  Chest  physiotherapy  (CPT) — en- 
compassing postural  drainage  used  in  conjunction 
with  percussion,  \ibration.  and  cough — represents 
the  conventional  approach  to  promoting  secretion 
removal  in  this  patient  population.  Although  CPT 
may  serve  as  a  valuable  bronchial  hygiene  therapy 
in  some  patients,  it  may  not  be  the  most  appropriate 
or  effective  technique  tor  all  patients. - 

Positive-expiratory-pressure  (PEP)  mask  therapy 
is  a  bronchial  hygiene  technique  that  may  serve  as 
an  effective  alternative  to  CPT  in  mobilizing  secre- 
tions. Developed  in  Denmark  in  the  late  1970s. 
PEP  mask  therapy  has  gained  increasing  clinical 
acceptance  in  Europe  and  Canada  over  the  past 
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decade,  and  now  ( 1991 )  represents  a  primary  bron- 
chial hygiene  technique  in  many  Western  European 
countries.  Additionally,  some  evidence  suggests 
that  PEP  mask  therapy  is  more  effective  than  incen- 
tive spirometry  and  intermittent  positi\e-pressure 
breathing  (IPPBi  in  the  management  of  post- 
operative atelectasis,''*  and  as  an  adjunct  to  en- 
hance the  benefits  of  aerosol  bronchodiialor  deliv- 
ery.^'' In  this  overview  we  outline  the  historical 
development  of  PEP  mask  therapy,  its  theory  and 
techniques,  and  its  application  at  our  inslituliiMi. 

PEP  Mask  Administration  Tecliniques 

PEP  mask  therapy  is  performed  with  the  sub- 
ject seated  comfortably,  with  elbows  resting  on  a 
table  (Fig.  1).  Equipment  consists  of  a  soft,  trans- 
parent hand-ventilation  mask.  T-assembly  with  a 
one-way  valve,  an  adjustable  expiratory  resistor, 
and  a  manometer  (Fig.  2).  The  mask  is  applied 
tightly  but  comfortably  over  the  mouth  and  nose. 
The  subject  is  instructed  to  relax  while  performing 
diaphragmatic  breathing  and  inspiring  a  volume  of 
air  larger  than  normal  tidal  \olume  (but  not  to  total 
lung  capacity)  through  the  one-way  valve.  Exhala- 
tion to  functional  residual  capacity  (FRC)  is  active 
but  not  forced,  through  the  fixed-orifice  resistor 
chosen  to  achieve  a  positive  expiratory  pressure 
(PEP)  from  10-20  cm  H^O  [0.98-1.96  kPa|  for  the 
duration  of  exhalation.  Most  subjects  achieve  this 
pressure  range  utilizing  flow  resistors  of  2.5-4.0  mm 
in  diameter.  Selection  of  the  proper  resistor  also 
produces  the  desired  inspiratory-to-expiratory  ratio 
of  13  to  l;4.  The  manometer  is  placed  in-line  to 
measure  the  expiratory  pressure  and  to  ser\  e  as  vis- 
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and  may  he  performed  1-4  limes/day  as  needed. 
Table  1  summarizes  the  steps  involved  in  a  PEP 
therapy  session. 

Table  1.  Steps  in  Performing  PEP  Mask  Therapy 

1.  Assenibilc  equipnicnl.  select  appropriate  expiratory  resistor. 

2.  .Sit  \\\{h  elbows  resting  comfortably  on  table,  w ith  mask 
applied  tightly  but  comfortably  over  nose  and  mouth. 

3.  Use  diaphragmatic  breathing,  take  in  a  larger  than  normal 
breath  but  not  to  TLC.  (PEP  can  be  sucessfully  performed 
u  ith  obtunded  patients  with  passive,  tidal  ventilation.) 

4.  Exhale  actively  but  not  forcefully,  maintaining  a  positive 
expiratory  pressure  of  10-20  cm  HjO.  Exhalation  should  be 
about  2-3  times  longer  than  inspiration. 

5.  Perform  10-20  PEP  breaths,  then  remove  mask  and  perform 
2-3  "huff"  coughs. 

6.  Cough  to  raise  secretions  as  needed. 

7.  Repeat  steps  2-6  several  times  (4-8  times)  for  a  complete 
PEP  session. 


Fig.  1.  A  12-year-old  child  demonstrating  proper  position- 
ing and  use  of  PEP  mask.  {Reproduced  with  permission 
from  the  subject's  parent.) 

ual  feedback  to  the  subject.  Once  the  proper  resis- 
tor orifice  has  been  determined  and  the  technique  is 
mastered,  the  manometer  may  be  removed  from  the 
system.  A  series  of  10-20  breaths  is  performed  with 
the  mask  in  place;  the  mask  is  then  removed,  and 
the  subject  performs  several  forced  expiratory 
maneuvers  (huff  coughs)  to  raise  secretions.  This 
sequence  of  10-20  PEP  breaths,  followed  by  huff 
coughing,  is  repeated  4-6  times  per  PEP  therapy 
session.  Each  session  takes  from   10-20  minutes, 

EXPIRATORY  RESISTOR 
4  SETTINGS 


OR 


MOUTHPIECI 


Huff  coughing  is  a  modified  forced  expiratory 
technique  (FET)  that  is  peiformed  by  exhaling 
from  high  to  mid-lung  volumes  through  an  open 
glottis.  The  subject  takes  in  a  slow,  deep  breath, 
followed  by  a  1-3  second  breath-hold,  and  then  per- 
forms short,  quick,  forced  exhalations  with  the 
glottis  open.  The  subject  may  be  instructed  to  say 
the  word  "huff  during  exhalation.  Small  children 
can  be  taught  to  tlap  their  arms  to  their  lateral  chest 
as  they  perform  the  huff  cough,  a  technique 
referred  to  as  the  chicken  breath.  This  activity  may 
help  the  child  to  focus  on  the  expiratory  maneuver 
and  associates  positive  reinforcement  and  enjoy- 
ment with  the  huff  technique. 


AEROSOL  TUBING  (opiional) 
/         /        / 


Fig.  2.  Components  of  a  PEP  mask 
system.  (Modified  from  Resistex^", 
with  permission  from  DC  Lung  Co.) 


NEBULIZER  (optional) 


PEP    :-'ASK    THERAP' 
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The  equipment  used  u>  pro\  ide  PEP  mask  ther- 
ap\  can  be  easily  assembled  tnini  a\  ailable  parts  in 
any  respiratory  care  department  ov  ma\  be  pur- 
chased as  a  prefabricated  system  \\  ith  \  ariahle  ori- 
fice resistors.  Typical  components  and  com- 
mercially available  systems  are  described  in  the 
Appendix,  which  follows  the  text. 

PEP  Administration  Considerations 

Selection  of  a  resistor  of  appropriate  size  is  crit- 
ical to  proper  technique.  The  therapeutic  goal  of 
exhalation  is  to  achieve  a  positive  expiratory  pres- 
sure from  10-20  cm  H.O.  with  an  I:E  of  1:3  to  1:4. 
Selection  of  a  resistor  with  loo  larjie  an  t)rifice  pro- 
duces a  short  exhalation,  with  failure  to  achieve  the 
proper  expiratory  pressure.  Too  small  an  orifice 
prolongs  the  expiratory  phase,  elevates  the  pressure 
above  20  cm  H.O.  and  increases  the  work  of 
breathing.  Performing  PEP  therapy  for  more  than 
20  minutes  ma}  lead  to  fatigue.  Our  experience 
suggests  that  it  may  be  best  to  perform  full  therapy 
sessions  in  the  early  morning  and  late  evening, 
with  abbreviated  sessions  during  the  daytime  as 
needed.  During  periods  of  exacerbation,  indi- 
viduals are  encouraged  to  increase  the  frequency 
with  which  PEP  is  performed,  rather  than  extend- 
ing the  length  of  individual  sessions. 

Aerosol  therapy  may  be  administered  simultane- 
ously with  or  just  prior  to  a  PEP  .session,  either  by 
hand-held  nebulizer  or  metered  dose  inhaler 
(Ml)l).  Based  on  the  work  of  Andersen  and  Klau- 
sen,-"'  we  encourage  administration  of  bron- 
chodilator  aerosol  in  conjunction  with  PEP  for 
those  subjects  who  respond  to  bronchodilator  med- 
ication. Andersen  and  Klausen  applied  face-mask 
PEEP  while  administering  nebulized  broncho- 
dilators  to  8  patients  with  severe  bronchospasm.  A 
randomized,  crosso\er  design  was  used.  v\ith  each 
patient  subjected  to  2  PEEP  treatments  and  2  con- 
trol treatments  with  zero  end-expiratory  pressure 
(ZEEP),  at  intervals  of  3  hours  between  each  treat- 
ment. Forced  expiratory  \olume  in  the  first  second 
FEV|,  forced  vital  capacity  FVC,  and  peak  How 
improved  significantly  following  PEEP  treatments 
(p  <  0.05).  This  led  to  the  conclusion  that  PEEP 
improved  the  efficacy  of  bronchodilator  admin- 
istration, probably  mediated  through  a  better  dis- 
tribution to  the  peripheral  airways.  Our  experience 


Fig.  3.  A  12-year-old  child  performing  modified  PEP  ther- 
apy, utilizing  a  mouthpiece  in  conjunction  with  bron- 
chodilator nebulizer  therapy.  (Reproduced  with  permis- 
sion from  the  subject's  parent.) 

has  shown  that  when  nebulized  bronchodilators  (or 
antimicrobials)  are  administered  in  conjunction 
with  PEP  mask  therapy,  a  mouthpiece  (Fig.  3)  sub- 
stituted for  the  mask  (nose  clips  optional)  is  more 
acceptable  to  some  subjects  who  find  the  aerosol 
fiow  uncomfortable  on  their  face.  Alternati\ely, 
subjects  may  be  taught  to  use  PEP  in  conjunction 
with  an  MDI  and  spacer.  .A  recent  stud\  by  Erisch- 
nccht-Chnstensen  et  al"  exammed  the  effect  of  PEP 
mask  applied  in  conjunction  with  beta-;  agonists 
administered  via  MDI  with  spacer.  In  this  ran- 
domized, crossover  study,  8  patients  alternately 
received  treatments  of  2  puffs  of  terbutaline  MDI 
without  PEP,  terbutaline  MDI  with  PEP.  and  pla- 
cebo MDI  with  PEP.  Results  showed  statis- 
tically significant  impro\ement  (p  <  O.OOOl  )  in 
peak  expiratory  tlowiale  (PEER)  when  terbutaline 
was  taken  in  conjunction  with  face-mask  PEP  of 
10-15  cm  fEO.  We  have  successfully  utilized  MDI 
with  the  Resistex  PEP  s\stem.  which  accepts  a 
spacer  de\ice  on  the  distal  inspirator)  limb  ot  the 
PEP  assembly  (Fig.  4). 

PEP  mask  therapy  can  be  implemented  when  the 
patient  is  admitted  to  the  hospital  and  is  usually 
well  tolerated  by  patients  of  all  ages.  However,  in 
oiu-    experience,    patients    who    are    experiencing 
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expiration.  It  is  believed  that  the  resistance  at  the 
mouth  during  a  pursed-lips  exhalation  transmits 
back  pressure  to  splint  the  airways  open  (Fig.  5). 
preventing  compression  and  premature  closure.'** 
As  an  instinctive  adaptation  to  disease,  pursed-lips 
breathing  probabK  represents  a  functional  pre- 
decessor to  many  of  our  modern  strategies  of 
applying  positive  expiratory  pressure  to  the  airu  ay. 


Fig.  4.  A  PEP  system  with  an  MDI  and  spacer  on  the  dis- 
tal inspiratory  limb. 

severe  dyspnea  and  increased  work  of  breathing  on 
admission  often  lack  the  concentration  to  perfomi 
PEP  therapy  initial!) .  Therap\  orders  may  be  writ- 
ten for  PEP  instruction,  followed  by  CPT  or  PEP 
therapy  alternating  on  a  treatment-to-treatinent  or 
daily  basis,  until  proper  performance  and  efficacy 
have  been  demonstrated  and  the  acute  exacerbation 
has  passed.  By  Day  3  or  4  of  hospitalization.  CPT 
can  often  be  discontinued,  with  most  patients  able 
to  assume  full  responsibility  for  the  perfomiance  of 
their  own  PEP  mask  therapy. 

.Although  no  absolute  contraindications  to  the 
use  of  PEP  mask  therapy  have  been  reported,  com- 
mon sense  dictates  that  patients  with  acute  sinus- 
itis, ear  infection,  epistaxis.  or  recent  facial,  oral,  or 
skull  injury  or  surgery  should  be  carefully  evalu- 
ated before  a  decision  is  made  to  initiate  PEP- 
mask  therapy.  Patients  who  are  experiencing  active 
hemoptysis  or  those  with  unresolved  pneumothorax 
should  avoid  using  PEP  therapy  until  these  acute 
pulmonary  problems  have  resolved.  While  poten- 
tial complications  such  as  barotrauma  or  hemo- 
dynamic compromise  exist  with  the  use  of  positive 
pressure,  no  complications  have  been  reported 
when  PEP  mask  therapy  has  been  used  for  secre- 
tion clearance,  probably  in  large  part  due  to  the 
techniques  involved  in  the  therapy  and  the  patient 
population. 

Review  of  the  Literature 

Pur.sed-lips  breathing  is  a  simple  procedure. 
v\  hich  many  patients  with  chronic  obstructive  lung 
disease  have  taught  themselves,  to  relieve  air  trap- 
ping caused  by  collapse  of  unstable  airways  during 


Fig.  5.  A.  Elevated  intrathoracic  pressure  can  compress 
unstable  airways  during  exhalation.  B.  Pursed-lips 
breathing  (or  use  of  a  fixed-orifice  resistor  such  as  a  PEP 
device)  creates  back  pressure  that  splints  the  airway 
open  during  exhalation. 

In  1936.  Poulton  and  Odon''  described  the  use  of 
the  positive-pressure  mask  for  the  treatment  of  con- 
gestive heart  failure  and  cardiogenic  pulmonary 
edema.  One  year  later.  Barach  et  al'"  reported  on 
the  use  of  "continuous  positive  pressure  breathing" 
(CPPB)  by  mask  in  patients  suffering  from  res- 
piratory obstruction  and  pulmonary  edema.  At  that 
time,  the  positive  pressure  mask  did  not  find  appli- 
cation for  the  treatment  or  prophylaxis  for  post- 
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operative  pulmonary  complications.  Thirty  years 
later.  Cheney  and  co-workers"  described  improve- 
ments in  PaO:  following  the  application  of  expir- 
atory resistance  in  anesthetized  patients  on  mechan- 
ical ventilation,  and  speculated  that  this  was  caused 
by  reversing  alveolar  collapse.  In  the  late  196{)s. 
Ashbaugh  and  colleagues  established  the  concept 
of  positive  end-expiratory  pressure  (PEEP)  as  a 
technique  to  improve  oxygenation  in  acute  res- 
piratory failure  and  adult  respiratory  distress  syn- 
drome (ARDS).'-  In  1971.  Gregory  el  a!''  reported 
a  significant  reduction  in  mortality  when  continu- 
ous positive  airway  pressure  (CPAP)  was  used  to 
treat  respiratory  distress  syndrome  of  the  neonate, 
leading  to  the  widespread  application  of  CP.AP  in 
the  newborn  population. 

lurther  research'^"'  established  that  PEEP  and 
CPAP  can  be  effective  in  reducing  the  alveolar- 
arterial  oxygen  difference  |P(a  ajO:].  and  right-to- 
left  intrapulmonary  shunt,  increasing  FRC  in  the 
intubated  patient  with  acute  respiratory  failure 
(ARE)  with  or  without  mechanical  ventilation.  The 
prevenli\e  and  therapeutic  use  of  CPAP  and  PEEP 
in  nonintubated  patients,  however,  did  not  receive 
much  attention  until  the  early  i980s.  The  reader  is 
referred  to  the  comprehensive  reviews  by  Branson 
previously  published  in  this  Journal  on  mask 
CPAP'^  and  PEEP  in  the  non-intubated  patient.''^ 

In  1980.  Andersen  et  al'''  conducted  a  pros- 
pective, randomized,  controlled  clinical  trial  using 
a  sequential-analysis  design  to  determine  the  effect 
of  conventional  therapy  versus  conventional  ther- 
apy plus  periodic  CPAP  by  mask,  in  the  treatment 
of  24  surgical  patients  with  atelectasis.  CPAP  was 
given  each  hour  tor  25-35  breaths  with  a  pressure 
averaging  15  cm  H.O  1 1 .47  kPa|.  .At  12  hours. 
patients  in  the  CPAP  group  exhibited  significantly 
greater  improvement  (Pao:  and  radiographic  find- 
ings) as  compared  to  the  control  group.  This  study 
prompted  Pontoppidan  to  consider  periodic  CPAP 
as  a  tool  for  treatment  of  postoperative  pulmonary 
complications.-"  Several  studies  during  the  early 
198()s  explored  the  application  of  PEEP  and  CPAP 
to  nonintubated  patients  in  different  fashions  with 
varying  results.'-'-''  including  comparisons  of 
mask  CPAP  to  incentive  spiromelrv.  deep  breath- 
ing and  coughing  (DBC).  and  iPPB.  As  more  effec- 
tive strategies  were  developed.  Stock  et  al"''-''  con- 
cluded   that    intennitleni    mask    CPAP    was    as 


effective  as  incentive  spirometry  or  deep  breathing 
and  coughing  in  return  of  pulmonary  function  fol- 
lowing thoracic  or  upper-abdominal  surgery.  Addi- 
tionallv.  the  authors  suggested  that  mask  CPAP 
might  be  preferable,  as  it  represented  a  more  effort- 
less, painless  type  of  postoperative  respiratory  care. 

Ricksten  et  al"*  performed  a  randomized  com- 
parative study  of  43  upper-abdominal-surgery 
patients  that  looked  at  postoperative  complica- 
tions. P(A-a)0:.  PEF.  and  FVC  in  patients  using 
either  CPAP  or  PEP  against  a  control  group  using 
incentive  spirometry.  All  3  groups  took  30  breaths 
each  hour  while  awake,  for  3  days  postoperatively. 
Although  peak  How  did  not  change  between 
groups.  FVC  was  greater  in  the  CP.\P  and  PEP 
groups.  P(A-a)():  increased  uniformly  tor  all  grt)ups 
for  the  first  24  hours,  but  then  decreased  in  the 
CPAP  and  PEP  groups  (being  insignitlcantlv  lower 
in  the  PEP  group).  Atelectatic  consolidation  was 
observed  in  6/15  patients  in  the  control  group.  1/13 
in  the  CPAP  group,  and  0/15  in  the  PEP  group.  The 
authors  concluded  that  periodic  PEP  and  CPAP  are 
superior  to  deep  breathing  exercises  w  ith  respect  to 
gas  exchange,  preservation  of  lung  volumes,  and 
prevention  of  postoperative  atelectasis  following 
upper-abdominal  surgery.  They  also  concluded  that 
"the  simple  and  coinmercially  available  PEP  mask 
is  as  effective  as  the  more  complicated  CPAP  sys- 
tem." A  simple  PEP  system  as  described  earlier 
certainly  represents  a  cost  savings  over  the  use  of  a 
more  complex  CPAP  system,  which  requires  a  gas 
flow .  pressure  monitor,  and  oxygen  analv  zer. 

Lindner,  and  colleagues.-'  in  a  randomized  studv 
of  34  upper-abdominal-surgerv  patients,  compared 
postoperative  phvsiotherapv  with  postoperative 
physiotherapv  plus  mask  CPAP.  Their  findings 
indicated  that  the  group  treated  with  physiotherapy 
plus  CPAP  had  a  more  rapid  recovery  of  pul- 
monary function  (vital  capacity  and  FRC)  and 
fewer  pulmonarv  coniplicatitMis.  Campbell  et  al"** 
randomized  71  abdominal  surgery  patients  into  two 
groups:  Group  1  received  chest  physiotherapy 
(breathing  exercises  and  huff  coughing)  and  Group 
2  received  chest  physiotherapy  plus  PEP.  No  differ- 
ences were  seen  in  FEV,  or  FVC  postoperatively 
between  the  two  groups,  and  the  incidence  of  res- 
piratory complications  was  3Kf  in  Group  1  and 
229r  in  Group  2.  not  statistically  significant.  The 
authors   concluded    that    P[:P   could    serve    as   an 
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adjunct  to  routine  chest  plnsiotherapy,  par- 
ticularlswith  postoperati\e  smokers  because  439^ 
of  the  44  smokers  in  their  sIlk!)  (.le\eloped  res- 
piratory compHcations.  compared  to  none  of  the 
nonsmokers  (p  <  0.01 ).  It  should  be  noted  that  their 
study  utilized  a  PEP  system  consisting  of  a  tube 
placed  underwater  and  adjusted  to  produce  pres- 
sures of  5-15  cm  HjO  witii  the  patient  exhaling 
through  a  mouthpiece.  Frolund  and  Madseir''  com- 
pared chest  physiotherapy  (ambulation,  coughing, 
diaphragmatic  breathing,  and  deep  breathing  exer- 
ci.ses)  with  chest  physiotherapy  plus  PEP  mask  in  a 
series  of  56  patients  who  had  undergone  thoracic 
surgery.  Thirteen  patients  in  the  PEP  group  devel- 
oped atelec-tasis  compared  to  8  in  the  chest  physio- 
therapy group  (p  <  0.05).  The  PEP  group  also  had  a 
slightly  lower  mean  PaO;.  not  statistically  sig- 
nificant. The  authors  concluded  that  postoperative 
PEP  offered  no  additional  benefit  compared  to  the 
performance  of  chest  physiotherapy  in  this  patient 
population. 

PEP  therapy  as  a  specific  bronchial  hygiene 
technique  evolved  from  concepts  first  described  in 
1979  b\  .Andersen  et  al.'"  v\ho  showed  that  rein- 
flation  of  collapsed  excised  human  lungs  could  be 
accomplished  with  CPAP  by  mechanisms  involv- 
ing collateral  ventilation.  Although  the  authors 
were  primarily  evaluating  CPAP  as  a  lung  expan- 
sion technique,  they  noted  that  CPAP  "has  a  poten- 
tial secretion  clearing  effect  in  that  pressure  is  built 
distal  to  an  obstruction."  The  follov\ing  year 
Andersen  and  Jespersen''  made  castings  of  human 
lungs,  identified  communications  between  inter- 
segmental respiratory  bronchioles,  and  concluded 
that  collateral  \entilation  might  be  of  importance  in 
normal  lung  function.  B\  preventing  expiratory 
collapse.  PEP  is  thought  to  facilitate  a  more  homo- 
genous distribution  of  ventilation  throughout  the 
lung,  via  these  collateral  interbronchiolar  channels. 

The  role  of  PEP  therapy  in  the  mobilization  of 
secretions  was  explored  in  a  1984  study  by  Falk  et 
al'-  in  which  the  acute  effects  of  4  different  reg- 
imens were  examined  using  a  randomized,  cross- 
over design  in  14  patients  with  cystic  fibrosis. 
Treatment  A  consisted  of  postural  drainage,  per- 
cussion, and  vibration:  Treatment  B  of  postural 
drainage  and  periodic  application  of  face-mask 
PEP:  Treatment  C  of  PEP  w  ith  the  patient  in  sitting 
position:  and  Treatment  D  of  the  forced  expiratory 


technique  fFET)  in  the  sitting  position.  In  terms  of 
sputum  produced.  Treatments  B  and  C  were  super- 
ior to  Treatment  D  and  especially  Treatment  A  (p  < 
0.05).  A  substantial  and  prolonged  decay  in  trans- 
cutaneous P().  (Pic():)  was  observed  during  Treat- 
ment A:  whereas,  during  and  following  Treatment 
C,  PtcO:  increased.  PEP  therapy  was  reported  to  be 
well  accepted  by  the  patients,  who  consistently  pre- 
fened  Treatment  C.  In  a  companion  article  in  the 
same  journal,  Tonnesen  and  Stovring'^  compared 
PEP  mask  therapy  with  CPT  in  12  CF  patients. 
Over  the  course  of  6-9  months  of  therapy,  residual 
\olume  (p  <  0.02)  and  FRC  were  reduced,  vital 
capacity  was  increased,  and  subjective  sputum  pro- 
duction was  reported  as  greater  in  the  PEP  group. 

Groth  and  associates'"*  measured  several  lung 
function  variables  from  the  expiratory  port  of  the 
PEP  mask  in  12  CF  patients.  During  PEP  mask 
therapy  they  found  a  significant  increase  in  FRC 
(p  <  0.02).  decrease  in  volume  of  trapped  gas 
(p  <  0.05).  and  decrease  of  washout  volume 
(p  <  0.05),  as  compared  to  pretreatment  measure- 
ments. The  authors  concluded  that  the  changes  seen 
during  PEP  mask  therapy  could  be  attributed  to  a 
more  uniform  distribution  of  ventilation  within  the 
lung  and  the  opening  up  of  airways  otherwise 
clo.sed  off  during  normal  ventilation.  They  also  felt 
that  "an  additional  effect  of  PEP  treatment  may  be 
to  get  more  air  behind  intraluminar  secretions,  ... 
(which)  may  then  be  cleared  more  easily  by  forced 
exhalation  ...." 

During  this  same  time  period,  several  groups'^-^"^^ 
demonstrated  that  postural  drainage  with  FET  was 
superior  to  postural  drainage  alone,  and  that  FET 
was  a  key  factor  (ha\ing  greater  effect  than  per- 
cussion and  vibration)  in  mobilization  of  sputum. 
One  of  these  groups.  Hofmeyr  and  colleagues," 
studied  18  CF  patients,  comparing  FET  with  pos- 
tural drainage.  FET  plus  PEP  with  postural  drain- 
age, and  FET  plus  PEP  in  the  sitting  position.  FET 
with  postural  drainage  produced  more  sputum  than 
either  of  the  two  other  regimens  that  included  PEP 
(p  <  0.025  and  p  <  0.001.  respectively).  They  con- 
cluded that  the  addition  of  PEP  to  the  treatment 
regimen  was  not  valuable.  Tyrrell  et  al""  compared 
PEP  mask  in  conjunction  with  forced  expiratory 
coughing  to  conventional  physiotherapy  for  1 
month  in  16  CF  patients.  Although  no  difference 
was  seen  in  symptom  scores,  sputum  production,  or 
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simple  lung  tests  between  the  two  techniques,  the 
authors  found  that  PEP  mask  therapy  was  well 
accepted  by  older  patients,  allowing  for  a  greater 
sense  of  independence  as  ct)mpared  to  CPT. 

Oberwaldner  et  al'"  studied  20  CF  patients  who 
had  pre\  iously  used  con\entional  CPT  and  were 
taught  PEP  therapy.  After  PEP  training,  each 
patient  exceeded  his  previous  FVC  once  the  opti- 
mum resistor  setting  had  been  established.  During 
PEP  therapy,  patients  cleared  a  higher  percentage 
of  their  daily  sputum  volume  than  with  conven- 
tional CPT  (78  vs  53'7r.  p  <  0.01).  Eleven  of  the 
patients  received  10  months  of  PEP  therapy.  2 
months  of  conventional  physiotherapy,  and  another 
4  months  with  PEP.  Results  showed  significantly 
less  hyperinflation  and  airway  instability  with  PEP 
thcrap\  and  a  marked  decline  of  lung  function 
without  it. 

Van  Asperen  et  al*"  compared  PEP  to  postural 
drainage  (PD)  with  percussion  in  10  CF  patients  in 
a  randomized,  crossover  design  that  consisted  of 
initial  evaluation  by  a  physiotherapist  and  a  diary 
kept  over  a  short-term,  4-week  treatment  period. 
PEP  therapy  failed  to  produce  any  significant  dif- 
ference in  sputum  production,  symptom  scores,  or 
peak  expiratory  flow,  as  compared  to  PD  with  per- 
cussion. The  authors  concluded  that  PEP  mask 
therapy  represented  an  acceptable  alternative  to  PD 
v\ith  percussion,  although  it  offered  no  advantage 
other  than  convenience.  Another  study  by 
Kaminska  and  Pearson  reached  similar  conclu- 
sions.^' They  alternated  daily  use  of  postural  drain- 
age with  FET  and  PEP  mask  therapy,  for  6  weeks 
in  12  patients  with  bronchiectasis.  While  one  or 
more  subjects  showed  impro\ement  in  PEER  or 
sputum  production  when  comparing  the  two  tech- 
niques, little  difference  in  total  sputum  production 
or  PEER  was  seen  between  the  two  groups.  They 
concluded  that  a  minority  of  patients  benefited 
from  PEP,  but  that  PEP  did  not  offer  added  advan- 
tages for  patients  who  can  perform  PD  with  FET 
and  should  not  be  considered  nu)re  than  a  useful 
adjunct.  \akKiblc  more  for  its  con\enience  and  time 
savings  than  for  its  therapeutic  ad\antage. 

Autogenic  drainage  (AD)  is  a  secretion-clear- 
ance technique  that  combines  variable  tidal  breath- 
ing at  three  distinct  lung  volume  lc\els.  controlled 
expiratory  airllow.  and  huff  coughing.  Da\idson  et 
al'-  ct)mpared   PEP  therapy,  autogenic  drainage, 


and  postural  drainage  and  percussion  in  18  CF 
patients  in  a  randomized,  crossover  design.  Each 
patient  performed  each  of  the  3  techniques  for  2 
months.  The  researchers  concluded  that  although 
FVC,  FEV|/FVC,  and  FEF:s-75';  did  not  change 
between  groups,  a  significant  increase  in  sputum 
production  was  seen  with  .AD  over  PEP  and  PEP 
over  PD(p<  0.01). 

van  Hengstum  et  al.""'  in  a  randomized,  cross- 
over trial  of  8  patients  with  chronic  bronchitis, 
compared  the  effects  of  PEP  \  ersus  piistural  drain- 
age with  FET  on  tracheobronchial  clearance  of  a 
radioaerosol.  Forty  minutes  after  the  start  of  ther- 
apy, clearance  was  expressed  as  a  peiceiit  of  the 
radiation  present  at  the  beginning  of  therapy.  Fifty- 
three  percent  was  cleared  after  PD  with  FET.  327r 
was  cleared  after  PEP.  and  159f  during  the  control 
run.  .Although  radioaerosol  clearance  with  both 
PEP  and  FET  was  greater  than  the  control  run  (p  < 
0.02),  FET  was  found  to  be  more  effecti\e  than 
PEP  in  enhancing  tracheobronchial  clearance. 

in  a  recent  controlled  study,  Chrisiensen  et  al"" 
looked  at  43  patients  with  chronic  bronchitis  over 
12  months,  comparing  PEP  (20  patients)  to  conven- 
tional CPT  (control  group.  23  patients).  A  twice- 
weekly  patient  diary  of  symptoms  indicated  that 
the  PEP  group  had  less  cough  and  less  mucus  pro- 
duction. Acute  exacerbations  were  calculated  from 
the  diaries,  w  ith  85%  of  the  PEP  group  free  from 
acute  exacerbations  versus  48'7f  in  the  control 
group  (p  <  0.0005).  The  PEP  group  also  used  sig- 
nificantly fewer  antibiotics  and  mucolytics  (p  < 
0.05).  The  PEP  group  had  a  small  increase  in  mean 
FEV,  of  62  niL  compared  to  a  mean  decrease  of  43 
mL  for  the  control  group.  The  change  was  not  sta- 
tistically significant.  The  authors  concluded  that 
prolonged  treatment  with  PEP  can  reduce  morbid- 
ity in  patients  w  ith  chronic  bronchitis  and  may  pre- 
ser\  e  lung  function  from  a  more  rapid  decline. 

Two  recent  studies  ( 1941 )  also  evaluated  the  use 
of  PEP  mask  therapy  in  CF  patients.  Steen  et  al^'  in 
a  randomized,  crossover  trial  in  24  patients,  com- 
pared 4  treatment  regimens,  each  lasting  I  nionih. 
Treatment  A  consisted  of  postural  drainage,  per- 
cussion and  FET;  Treatment  B  oi'  5  minutes  of  PEP 
mask  followed  by  postural  drainage,  percussion, 
and  FET;  Treatment  C  of  PEP  mask  therapy  alone; 
and  Treatment  D  of  PEP  and  FET.  There  were  no 
statistically    significant    differences    between    the 
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gnuips  in  Sh\vai.-hiiian  score.  Chrispin-Norman 
scDie.  cxpcctmated  spiiium  weight.  PEER.  EEV,  or 
FVC.  The  authors  reported  that  patients  enjoyed 
the  increased  independence  that  PEP  mask  therap\ 
and  EET  allowed,  and  23/24  patients  adopted  PEP 
mask  with  EET  as  their  long-term  chest  physio- 
therapy program  follov\ing  completion  of  the 
study.  Obeiwaldner  et  al*"  evaluated  KS  CE  patients 
hospitalized  t\ir  pulmonary  exacerbation,  in  whom 
self-administered  PEP  mask  therap\  was  des- 
ignated as  their  chest  ph\siothcrap\  technique. 
Lung  function  measurements  were  done  on  Days  1. 
?.  10.  and  15  of  hospitalization,  before  and  after  the 
morning  PEP  treatment.  Results  indicated  that 
there  was  a  statistically  significant  improvement  in 
multiple  lung  function  indices  in  this  group  of 
patients  throughout  their  hospitalization,  the  mag- 
nitude of  which  correlated  directl\  with  the  \olume 
of  sputum  produced.  The  authors  concluded  that 
PEP  mask  therapv  produced  short-term  benefits  in 
the  hospitalized  CE  patient. 

Table  2  summarizes  the  literature  regarding  PEP 
mask  therap\  as  a  secretion-clearance  technique. 
While  the  evidence  supporting  PEP  mask  therapy 
may  not  be  definiti\e.  it  is  certainly  encouraging, 
with  further  studies  required  to  determine  not  only 
its  usefulness  as  a  bronchial  hygiene  technique,  but 
also  its  N'alue  in  long-term  maintenance  therapy  for 
CE  and  chronic  bronchitis  patients,  and  its  piitential 
for  altering  dyspnea  perception  for  patients  with 
asthma  and  COPD.^' 

Discussion 

PEP  therapy  represents  an  alternative  technique 
for  the  mobilization  of  bronchial  secretions,  with- 
out the  attendant  risks  or  limitations  as.sociated 
with  CPT.  Deterioration  in  pulmonary  function  and 
gas  exchange  have  both  been  associated  with  the 
positional  changes  that  accompany  postural  drain- 
age.'*'* Osteoarthritis,  surgical  incisions,  and  tho- 
racic cage  tenderness  limit  the  applicability  of  per- 
cussion and  vibration  in  some  patients.  Although 
an  effective  cough  is  critical  for  secretion  clear- 
ance, uncontrolled  cough  can  precipitate  d\namic 
airwa_\  collapse,  bronchospasm.  or  syncope  in  sus- 
ceptible patients.  These  factors  intluence  the  effec- 
tive use  of  CPT  for  a  number  of  hospitalized  indi- 
viduals in  need  of  regular  bronchial  hygiene 
therapy.  .Additional!),  factors  such  as  meals,  sched- 


uled diagnostic  tests,  sleep  needs,  and  staff  avail- 
ability make  it  difficult  to  comply  with  orders  for 
CPT  }  or  4  times  each  day.  An  additional  concern 
with  CPT  has  to  do  with  its  potential  contribution 
to  the  development  of  carpal  tunnel  syndrome  in 
health-care  workers  who  perform  percussion  and 
\ibration  with  multiple  patients  on  a  dail_\  basis.'''^-^" 

In  the  home,  CPT  often  requires  the  assistance 
of  a  second  person,  must  be  scheduled  around 
meals  and  other  events  of  the  day,  and  requires  an 
environment  of  relative  privacy.  Special  equipment 
such  as  vibrators,  percussors,  or  tilt  tables  are 
required  by  some  subjects.  The  personal  and  pro- 
fessional demands  on  adults  with  CE  limit  the  ease 
w ith  which  they  can  integrate  CPT  into  their  daily 
routine  of  independent  living.  Emotional  and  psy- 
chological issues  such  as  disease  denial  or  anxiety 
concerning  body  image  may  also  influence  a  per- 
son's acceptance  of  CPT  as  a  part  of  daily  care. 
Such  factors  may  limit  compliance  and  reduce  the 
effectiveness  of  CPT  for  many  individuals  who 
require  daily  secretion-clearance  therapv.  which 
mav  in  turn  contribute  to  more  frequent  hospital- 
izations for  pulmonary  exacerbations. 

We  believe  that  PEP  therapy  possesses  few  of 
the  limitations  associated  with  CPT.  and  we  have 
found  that  PEP  therapy  can  be  easily  taught  to  most 
hospitalized  patients  in  two  30-minute  sessions. 
Once  such  patients  are  stable,  they  assume  respon- 
sibility for  self-care  for  the  duration  of  their  hos- 
pitalization. Hospitalized  patients  who  learn  to  self- 
administer  PEP  can  reduce  health-care  costs  related 
to  the  administration  of  CPT  by  professional  hos- 
pital staff.  With  a  typical  CF  patient  hospitalized 
for  2  weeks,  CPT  4  times  daih  for  30-60  minutes/ 
treatment  represents  a  total  time  commitment  of 
28-56  hours/hospitalization.  Alternatively,  self- 
administration  of  PEP  therapy  for  the  duration  of 
hospitalization  can  dramaticallv  reduce  both  insti- 
tutional and  patient  costs,  in  a  time  when  health- 
care-provider resources  are  scarce.  Table  3  illus- 
trates the  potential  cost  savings  associated  with  in- 
hospital  self-administration  of  PEP  therapv  as  com- 
pared to  therapist-administered  CPT.  More  impor- 
tantly, these  in-patients  are  then  prepared  to  self- 
administer  a  more  acceptable,  convenient  secre- 
tion-clearance technique  following  discharge, 
potentially  enhancing  at-home  compliance  with 
bronchial  hv  siicne  care. 
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Table  3.  Cost  Comparison  between  Postural  Drainage  and  PEP  Mask  Therapy  tor  14-Day  Hospital  Stay  for  CF  Patient 


-                       1 

ProcctliML' 

Tinic 

FTE 

llospil;ll  Costs 

Patient  Charge 

ReMnbiirsement 

Net  Gain 

I'DT 
PEP 

(4xdailyl.>6h 
5  h(4x  daily) 

P 
or 

us 

eat 

0.7 
O.frS  h 

2.^';   benefits. 
•h  hospital  doll 

S 1. 400.00* 

sn.-s.oo 

Respiratory   Care 
ar  billed. 

S5.376.00 
S480.00 

Ser\ices  charges  Sy6.0l)/h 

$1,612.80 

SI44.()(1 

direct  patient  care. 

$212.80 
$19.00 

u  ith  an  (uer; 

dl 

*  Assumes  salary  of  $20.0()/li 
reimbursement  rate  ot\$0.30  f 

In  the  community  setting,  subjects  can  con- 
venient!)  perform  PEP  thciaps  in  almost  any  envi- 
ronment, w  ithout  requiring  the  assistance  of  a  sec- 
ond person.  Therapy  sessions  typically  taise  one 
half  to  one  third  the  time  required  for  a  con\en- 
tional  CPT  session,  raising  equi\alent  quantities  of 
sputum.  These  factors  ha\e  the  potential  for 
increasing  what  has  been  reported  as  otherwise 
poor  at-home  compliance  with  bronchial  hygiene 
techniques.'''  representing  a  \aluable  tool  for  pre- 
ventive medicine.  Utilization  of  an  inexpensive 
PEP  system  has  monthly  replacement  costs  of  less 
thanSlO.OO. 

Experience  in  Our  Institution 

Since  1989,  PEP  therapy  has  been  taught  to 
more  than  200  subjects  at  the  Uni\ersity  of  Cal- 
ifornia Medical  Center  at  San  Francisco  and 
thriuighout  the  San  Francisco  Bay  area.  This  pop- 
ulation includes  patients  with  cystic  fibrosis,  bron- 
chiectasis, chronic  bronchitis,  and  bronchiolitis 
obliterans.  PEP  therapy  is  particularly  applicable  in 
the  pediatric  population  in  which  CPT  is  poorly  tol- 
erated or  the  child  is  too  young  to  master  the  tech- 
niques of  autogenic  drainage.  In  a  recent  abstract  "'- 
we  reported  a  series  of  10  pediatric  patients  ranging 
in  age  from  3'/:  to  14  years.  Nine  of  10  patients 
who  were  taught  PEP  therapy  continued  to  use  the 
technique  at  home  at  6-month  follow-up.  with  7/9 
using  PEP  exclusively.  Parents  described  the  con- 
venience associated  with  PEP  therapy,  as  compared 
to  CPT.  and  the  relative  ease  with  which  the  child 
self-administered  treatment.  Based  upon  our  initial 
experience  with  PEP  mask  therapy,  we  continue  to 
teach  subjects  this  bronchial  hygiene  technique. 

In  Conclusion 

We  believe  that  PEP  mask  iherap\  can  pla\  an 
important  role  in  the  management  of  a  \ariety  of 


patients  with  cardiopulmonary  disease.  We  have 
been  particularly  impressed  with  our  observation 
that  end-stage  CF  patients  are  better  able  to  tolerate 
PEP  therapy  than  either  CPT  or  AD.  both  of  which 
can  exacerbate  dyspnea.  Factors  such  as  decreased 
time  commitment,  convenience,  comfort,  lack  of 
risks,  and  financial  savings  make  PEP  therapy  an 
attractive  alternative  to  conventional  CPT.  IPPB. 
and  incentive  spirometry.  Although  our  experience 
is  limited  to  the  application  of  PEP  therapy  for 
secretion  mobilization,  the  literature  also  supports 
the  role  that  PEP  therapy  can  play  in  the  prevention 
and  treatment  of  postoperative  atelectasis.  Several 
hospitals  in  the  San  Francisco  Bay  area  have  begun 
to  incoiporate  PEP  therapy  in  their  management  of 
the  postoperative  patient.  We  are  currently  engaged 
in  research  identifying  how  best  to  teach  and  per- 
form PEP  mask  therapy  for  secretion  clearance, 
and  its  role  compared  to  that  of  autogenic  drainage 
and  CPT.  We  encourage  other  institutions  to 
engage  in  studies  aimed  at  further  defining  the 
roles  and  linntations  of  PEP  mask  therapy.  AD. 
EFT.  and  CPT.  Our  goal  is  to  match  the  most 
appropriate  therapy  to  the  needs  of  the  individual 
patient. 
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Apponcliv 

Comnu'rciallN  AMiilahli'  l)c\iii's  I'si'd  for  \'\:\' 

Ri'sistex'^'  F'xpiratory  Resistanix"  FAiTiisi-r,  #  ,<7() 

DC  Limy  t'ompiiii\  (S^.■h;l^l;lpl)l  i'.\) 

Conlcnls:    One-was  \al\c  asscinbl)  w  uti  maiioinclcr  port  and  rotating  selector  cap  with  -4  tixcd  oritlees 
Mouthpiece 
Adapters  tor  Nebiili/er.  MDI  Appro\imate  Cost:  S  9.00 

fPI  Mask  lor  I'KI*  I  lurap>  (pre>  ioiisl>  I'KI'-iml.  #  9()(K»  PKP 

Vital  Siyns  (  lotoua  \.l  i 

Contents:     CPAP  Mask.  #90(K) 

.^  Preset  PEEP  valves  (10.  I  .s.  21)  em  H_.0)  Approximate  Cost:  .S2.'S.OO 

The  Anibu®  PEP  Ma.sk  SvsUni.  #  250  001  ()(»(» 

Aiiibu  Ine    (Hanover  MDl 

Contents:    One-way  vaKe  assemhl\  with  manometer  port 

8  resistance  caps  with  fixed  orifice 

( l..'>-.'i.()  mm  in  5-mm  increments i 

Transparent  mask 

Zipper  bag 

Manometer  (optional)  .Approximate  Cost:  S4().()() 

(pricing  pending  FDA  approval) 

Astra  Meditec  PKP  .Ma.sk  System  (a\ailable  in  Europe  but  not  the  U.S.) 

Astra  Meditec  (Molndal.  .Sweden)  Not  .Xsailable 

Contents:    One-way  valve  assembly  with  manometer  port 
Eight  resistance  adaptors  with  fixed  orifice 

•Home  Made"  PKP-Mask  System 

(represent. ili\e  coiiriguralioiis  Irom  parts  on  our  iespiratory-care-ser\  ice  sheKes) 

Part  Description  with  Examples 

One-way  valve  assembly  with  manoinclci  port 

Nif-Tee  Nonrebreathing  T-Piecc.  DHD-.W^SOO.  nilD  iCaiiasia  N^'l 
Connector,  22  x  \5  mm 

Airlife#l820.  Baxter  (Deerfield  IE) 
Connector,  22  x  22  mm 

Airlite#182l,  Baxter  (Dccrlicld  II.) 
Face  mask,  transparent  with  cushion 

Vital  .Signs  #1520.  Vital  Signs  dotowa  NJl 
Fixed-orifice  resistors,    Trach  Adaptors — 2.5.  .^,  .^..5.  4.  4..S.  5.0  mm 

Bi\'ona  Inc  (Crar\  IN) 


Fixed-Orilicc  Kcsislor  \lleriiali\es: 

PEEP  FLO.  .\diuslablc  Irom  0  20  cm  lljO.  EDS  #8870 

Lite  Design  Systems  (Carroilton  TX)  S  9.00 

PEEP  Vahe  with  Adapter.  (Preset  \alues  10,  12.5.  15.  20  cm  H:0),  VS#9()07-I0 

Vital  SiiinsClotowaNJ)  S  7,00 


.Approximate 

Cost 

S  2.00 

$.50 

S.50 

S  .^,50 

$  3,00 

S\  stem  Tota 

S9.5() 
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Reversible  Restrictive  Lung  Disease? 
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A  19-year-old  white  woman  vuih 
a  life-long  history  of  asthma  was 
admitted  to  the  hospital  because  of 
her  worsening  condition.  She  had 
been  intubated  6  times  in  the  past, 
with  3  of  those  intubations  occurring 
in  the  6  months  preceding  the  current 
admission.  She  had  also  experienced 
numerous  episodes  of  syncope  secon- 
dary to  atrial  tachycardia  and  had 
undergone  His-bundle  ablation  with 
pacemaker  placement  10  months  prior 
to  the  current  admission. 

Her  daily  medications  on  admis- 
sion included  sustained  release  theo- 
phylline (900  mg).  methylpredniso- 
lone  (40  mg).  cromolyn  sodium, 
troleandomycin  (750  mg),  digoxin. 
verapamil,  and  inhaled  beta  agonists. 
Physical  examination  revealed  a 
Cushingoid  woman  with  clear  breath 
sounds.  Her  weight  was  140  lb.  and 
her  height  was  6.^  in.  Her  posteroan- 
terior  and  lateral  chest  radiographs 
suggested  slightly  reduced  lung 
volume  and  mild  bronchial-wall 
thickening  in  both  lungs,  consistent 
with  mild  airway  disease  (Figs.  1  A 
&  B).  High-resolution  thoracic  com- 


Mr  Wanger  is  Manager  and  Technical 
Director  and  Dr  Irvin  is  Associate  Director 
of  the  Pulmonary  Physiology  Unit,  and 
Dr  Underwood  is  an  Assistant  Professor 
in  the  Department  of  Medicine — National 
Jewish  Center  for  Immunology  and 
Respiratory  Medicine.  IX-n\cr.  Colorado 


puted  tomography  revealed  no  areas 
of  increased  interstitial  markings. 
Results  of  pulmonars  function  tests 
are  shown  in  Figure  2  and  Table  1.'  ■* 


Questions 

I .  How    do    you    interpret    these 
pulmonary  function  tests? 


Fig.  1A.  Posteroanterior  chest  radiograph  of  19-year-old  woman  admitted  for 
evaluation  of  asthma. 
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Tabic  I.  Results  of  Pulnionan  Fiinclidii  Testing  in  a  U)-Year-()kl  Woman  before 
and  after  Albuterol 


Tests 


Before 


After 


TLC  (L) 

2.85  (59)* 

3.59 

TGV  (L) 

1.32(51) 

1.38 

RV(L) 

0.89(81) 

0.65 

FVC  (L) 

1.88(50) 

2.30 

FEV,  (L) 

1.82(5.3) 

2.15 

FEV|/FVC(%) 

97 

93 

Dlco  (tiL   torr  inin  ') 

25.50(79) 

— 

DlcoVa 

8.32(122) 

— 

Pimax  (cm  H:0) 

73(91-149)t 

— 

PEmax  (cm  H,0) 

are 

percent 

59(107-171)7 
of  predicted.'  ' 

— 

*  Numbers  in  parentheses 

t  Numbers  in  parentheses 

are 

the 

rans 

e  of  predicted  values.-* 

Fig.  1 B.  Lateral  chest  radiograph  of  1 9-year-old  woman  admitted  for  evaluation 
of  asthma. 


2.  What  would  explain  the  change 
in  lung  volutnes  after  bronchodilator? 

3.  What    other    tests    do    you 
recommend? 


Answers  and  Discussion 
on  Next  Page 
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11030  Abies  Lane 
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Answers 

1.  PFT  IntiTpretation:  The  pul- 
monarv  luiKliiin  sludics  dctiKiiislralc 
reduced  lung  volumes  consistent  w  iili 
the  radiographs  (Fig.  I)  and  airl'low 
Hniitation.  which  was  improved  alter 
hronchodilator  (Fig.  2).  The  diffusing 
eapacil)  is  at  the  lower  limits  of 
normal,  hut  normal  when  corrected 
for  lung  volume  (D|[()/V.v).  Maximal 
inspiratory  and  expiratory  pressures 
are  low.  due  either  to  poor  effort  or 
muscle  weakness.  Inspiratory  tlow- 
rates  are  normal. 


Table  2.  Results  of  Holknv-L'p  Pulmonary  Function  and  Pressure-Volume  Measure- 
ments before  and  alter  .Albuterol 


FLOW 


Fig.  2.  Forced  expiratory  flow-volume 
curves,  showing  predicted  curve  and 
curves  obtained  before  and  after 
bronchodilator. 

2.  Explanation:  Thoracic  gas 
volume  (at  FRC)  measured  by  body 
plethysmograph  remained  unchanged 
following  bronchodilator  (Table  I ). 
However,  the  total  lung  capacity 
(TLC)  markedly  increased  (2.85  to 
3.59  L)  and  the  residual  volume  (RV) 
fell  slightly  (0.89  to  ().A5  L).  hence 
the  increase  in  \iial  capacity  (VC). 
This  rise  in  TLC  is  unusual  because 
an  improvement  in  hsperinflation 
(fall  in  lung  volume)  is  the  change 
usually  seen  following  beta-agonist 
inhalation.  .Although  the  possibility  of 
technical  errtir  exists,  it  was  ruled  out 
because  of  the  reproducihilily  ol  the 
data  on  that  day.  a  subsequent  lest 
(Table  2).  and  laboratory  quality- 
control  data.  Additionally,  because 
the  reproducibility  ol  the  TLC"  mea- 
surements before  and  after  broncho- 
dilator was  ijood.  we  belicNC  that  the 


Tests 


Before 


After 


TI.C(L) 

3.62  (75)* 

4.60 

TCiV  (L) 

1.38(54) 

1.43 

RV  (1.) 

1.24(1  I2i 

1.41 

FVC  (L) 

1.72(46) 

3.24 

FKV, (L) 

I..S6(45) 

2.94 

\-EW ,/rWC  {9f ) 

90 

90 

flmux  (cm  H.Ol 

3()(9I-I49)t 

PEmax(cmH,Ol 

45(l()7-17l)t 

Coefficient  ol  RelractioTi 

Icm 

H  ;()/!.) 

l5.5(4-8)t 

5.8 

R„.  (cm  H.O  s   L 

) 
Iheses 

arc 

percent  o 

predicted.' 

l().0(<1.5)t 

2.0 

*  Numbers  in  paici 

t  Numbers  in  parer 

theses 

are 

the  range 

of  predicted  values.'-'' 

patient  was  exciting  maximal  elfort. 
However,  the  respirators  muscles 
might  be  w  eak  ( low  P|,|,ay  and  Phmax)- 
which  might  explain  the  low  er  before- 
bronchodilator  lung-\olumc  data. 
However,  it  seems  unlikelv  that  the 
muscle  force  would  improve  so 
markedly  after  the  single  treatment 
with  a  beta  agonist.  At  the  time,  we 
believed  that  the  patient  tried  harder 
alter  bronchodilator  (training  effect'.') 
and  thus  was  able  to  take  deeper 
breaths.  In  order  for  lung  volumes  to 
increase  spontaneously,  the  respira- 
tory muscles  or  the  phrenic  nerve 
would  have  had  to  respond  to  (he 
bronchodilator — neither  seems  likelv . 
3.  Additional  resting:  Test 
results  (Tabic  1  ^;  Fig.  2)  suggest  the 
presence  of  a  restrictive  process,  and 
the  radiographs  (Fig.  1  i  also  suggests 
reduction  in  lung  volumes.  Although 
these  changes  could  be  due  to  muscle 
weakness  or  patient  weight,  the  severe 
asthma  should  have  resulted  in 
increased  lung  volumes.  A  pressurc- 
V  ohimc  siudv  could  assess  the  relative 
contribution  of  muscle  strength, 
elastic  recoil,  and  airvvav  narrowing 
to  these  results.  A  pressure-volume 
study  was  performed,  and  the  results 
are  shown  in  Figures  3  and  4.  and 
Table  2.  The  resulis  ol  ihc  testing 
sludv  was  performed,  and  the  rcsuUs 


Fig.  3.  Forced  expiratory  flow-volume 
curves  obtained  with  pressure-volume 
study,  showing  predicted  curve  and 
curves  obtained  before  and  after 
bronchodilator. 


PRESSURE  (cmHZO) 


Fig.  4.  Pressure-volume  curves  ob- 
tained before  and  after  bronchodilator 
administration.  Transpuimonary  pres- 
sure in  cm  H  ,0  IS  plotted  against  °b 
of  predicted  total  lung  capacity  (TLC). 
The  stippled  area,  or  normal  envelope, 
defines  normal  values. 
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show  inarkcJ  cluiiigos  in  hiiii: 
volumes  aiui  in  airflow  limilalion 
(FEV|)  alter  bmncliodilutDr.  The 
pressure-volume  characteristics  (PV 
curve)  demonstrated  by  this  patient 
(Fig.  4)  are  remarkable.  Before  the 
bronchodilator  treatment,  the  patient 
had  a  PV  curve  that  appeared  def- 
initely restricti\e.  The  coefficient  of 
retraction  (COR),  a  numerical  mea- 
sure of  pressure-\olume  characteris- 
tics, is  calculated  as  the  elastic  recoil 
at  TLC  (ui  cm  H.O)  divided  by  the 
TLC  (in  L).  A  value  of  15.5  cm  H^O/ 
L  is  high  (normal  range  4-8  cm  H2O/ 
L)'  and  is  indicative  of  a  restrictive 
process.  However,  unlike  a  "garden 
variety"  restrictive  process,  this 
patient  showed  a  phenomenal  fall  in 
the  COR  into  the  normal  range  after 
bronchodilator.  The  upstream  resist- 
ance (Ru,)  is  a  calculation  of  resist- 
ance of  the  upstream  segment  (those 
airways  upstream  or  towards  the 
alveoli  from  the  point  of  airvvav 
narrowing  or  collapse).  Note  that  the 
R„,  (Table  2)  was  elevated  before  and 
fell  after  bronchodilator.  indicating 
airflow  limitation  and  reversibility, 
with  bronchodilator. 

Discussion 

These  pulmonary  function  tests 
(Tables  1  &  2  &  Fig.  2)  indicate  that 
there  is  not  onlv  an  improvement  in 
airflow  after  bronchodilator  adminis- 
tratit)n  but  also  an  improvement  in 
the  reduced  lung  volumes.  (The 
increase  in  FVC  could  be  attributed 
to  increased  effort.)  We  believe  that 
this  patient  has  a  reversible  restrictive 
lung  disease.  Other  cases  of  such  a 
phenomenon  have  been  reported, 
describing  patients  in  whom  the  lung 
volumes  are  decreased  during  epi- 
sodes of  bronchospasm  but  in  w  hom 
the  FEV|/FVC  is  preserved.*' ' 

In  addition,  the  response  of  our 
patient  resembles  onlv  in  part  the 
changes  that  have  been  repttrted  when 


chest  straps  applied  to  the  thorax  are 
removed.  In  the  studv  by  Svbrecht  and 
co-workers.'^  the  application  of  chest 
straps  resulted  in  a  reduction  in  TLC 
of  28'/f  (simikir  to  our  patient),  did  not 
increase  recoil  at  TLC  (coefficient  of 
retraction),  and  onlv  slightly  increased 
R„,  from  1.4  to  2.0  cm  H^O  s  L  1. 
Thus,  the  changes  seen  in  our  patient 
can  be  explained  only  in  p;u1  by  the 
effect  of  chest-wall  characteristics  on 
lespiratory  muscle  function. 

Tw  o  other  possible  explanations  need 
to  be  considered.  As  one  exhales  to  RV. 
the  siippiMled  |x?npheral  airw ays  n;uTow 
or  close.  Such  changes  could  account 
for  the  changes  in  RV  noted  in  this  and 
other  patients.""  However  a  more 
plausible  explanation  may  be  an 
abnormality  of  the  smooth  muscle 
present  around  the  alveoku'  ducts.   '"" 

.At  the  beginning  of  a  forced  expi- 
ration, maximal  expiratory  flow  (MEF) 
depends  on  the  rapidity  of  contraction 
of  expiratory  muscles,  elastic  recoil 
pressure,  and  caliber  of  the  airways. 
During  the  later  portion  of  the  forced 
expiratory  maneuver.  MEF  is  thought 
to  be  less  dependent  on  effort  and  more 
related  to  elastic  recoil  pressure, 
upstream  resistance,  and  the  equal- 
pressure  point  ( the  point  at  which  pleural 
and  intrabronchial  pressure  are  equal). 
II  after  bronchodilator  administration. 
MEF  increases  and  the  upstream 
resistance  to  airflow  decreases,  it 
follows  that  the  change  in  pressure- 
volume  characteristics  is  due  to  an 
increase  of  constriction  of  the  smooth 
muscle  of  the  alveolar  ducts.  It  also 
follows  that  the  reversal  of  constriction 
in  these  peripheral  lung  units  leads  to 
a  reversal  in  decreased  lung  volumes. 
\\  hat  makes  this  patient  unusual  is  the 
magnitude  of  response.  One  can  only 
conclude  that  there  is  a  marked  abnor- 
malitv  either  in  function  or  amount  of 
smooth  muscle  present  in  these  peri- 
pheral aiiAvays  that  also  contributes  to 
the  elastic  properties  of  the  lung. 
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pulmonan'  disease.  Details  the 
"10  commandments"  for  the 
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serious  problems  the  COPD  I 
patient  can  present  to  the 
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you  a  basic  understanding  of  cardiopuf 
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Test  Your 
Radiologic  Skill 


Charles  G  Durbin  Jr  Ml)  .ind 

Douglas  B  Eden  BS  RRT.  Section  Editors 


Pleuritic  Chest  Pain  and  Exertional  Dyspnea 
in  a  Middle-Aged  Smoker 


Digpal  (Jiauhaa  MD 


A  53-year-old  man  with  a  25-pack-year  smoking 
history  was  admitted  to  liie  hospital  with  the  chief 
complaint  of  right-side  pleuritic  chest  pain 
associated  with  some  exertional  dyspnea.  The 
patient  denied  cough,  sputum  production,  hemop- 
tysis, or  arthralgias. 

The  patient's  medical  history  was  negative  tor 
sinopulmonary  infections  but  positive  for  allergic 
rhinitis,  and  he  had  experienced  bronchial  asthma 
in  the  remote  past.  There  was  no  history  of 
extrapulmonary  malignancy  or  lymphoma. 


Fig.  1 .  Posteroanterior  chest  film  of  53-year-old  man  with 
right-side  pleuritic  chest  pain  and  exertional  dyspnea. 


Examination  revealed  no  adenopathy,  elevated 
temperature,  or  clubbing.  Liver  span  was  normal. 
Chest  percussion  and  auscultation  revealed  dullness 


Dr  Chauhan  is  Chief  of  Pulmonary  Medicine.  Eisenhower  VA 
Medical  Center.  Leavenworth.  Kansas. 


Fig.  2.  Right-lateral  decubitus  view  of  patient  in  Fig.  1. 

Questions 

Kadiogniphic  Findings:  Mow  do  \ou  interpret  the 

radiographs  shown  in  Kigures  1  and  2? 

Further  Tests:  What  further  testing  is  indicated? 

Dit't'ercntial  Diajjnusis:  What  should  be  considered 

in  the  differential  diagnosis? 

Diagnosis:  What  is  the  most  probable  diagnosis? 

Therapy:  What  therap\  is  indicated? 
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with  diminished  breath  sounds  in  tiio  right  base  and 
scattered  c\|">irator\  whee/es  in  both  king  fields. 
Chest  radiographs  were  taken  (Figs.  I  &  2).  Results 
of  initial  laboratory  tests  are  shown  in  Table  1. 


Table  1.  Laboratory  Tests  in  53-Year-Old  .Man  willi  Pleuritic 
Chest  Pain  and  Exertional  Dyspnea 


Test 

Normal  Value 

Patient  Value 

Leukocyte  count 

(WBC) 

2.5  X  IO"/L 

9.7  X  lO^/L 

Serum  eosinophil 

count 

<3% 

\\% 

Serum  IgE 

<  lOOmg/dL 

672  mg/dL 

Serum  precipitins  for 

Aspert^illii.': 

fumigatus 

negative 

Erythrocyte    sedi- 

mentation rate 

(ESRl 

0-20  mm/h 

45  nim/h 

Alkaline 

phosphatase 

36-92  U/L 

109  U/L 

FEV, 

3.39  L 

2.68  L 

FVC 

4.65  L 

3.90  L 

FEV,/FVC 

>  75% 

68% 

Answers  and  Discussion 
on  Next  Page 
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AEROSOL  TREATMENT  AND 
SPUTUM  INDUCTION  CHAMBER 


J.H.  Emerson  Co. 

22  Cottage  l\irk  .-\\  c  •  Cimbndge,  MA  02140 


1  or  the  safe 
delivery  of 
aerosolized  drugs 
(Pentamidine)  and 
for  sputum 
induction 
pnia'duri".,  thf 
Emerson  Model  7 -AT 
Chamber  pro\  ides  a 
convenient 
alternative  to 
complete 
ventilation  system 
installations. 

FEATURES: 

■♦•  Self-contained 

♦  High  Air 
Exchange  Rate 

♦  Alarms 

♦  Sturdy 
ConstrucHon 

♦  Convenient  Size 

♦  Requires  No 
Costly 
Disposables 
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NEW  RUDOLPH  MOUTH/FACE  MASK 

Stress/ Exercise/ Pulmonary  Testing, 
and  Metabohc  Measurements. 


T-Shapei.-  Valve 

Tfie  New  Design  of  isolating 
tfie  nose  chamber  reduces 
thie  masks  rebreatfiing 
volume  dead  space. 

Thiis  lower  dead  space 
improves  breath  by  breath 
measurements. 


HANS  RUDOLPH,  inc. 

7200  Wyandotte  •  Kansas  City.  Missouri  64114  USA 

(816)  363-5522  FAX  (816)  822-1414 

Toll  Free  wiltiin  the  USA  1-800-456-6695 
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Answers 

Radiographic  Findings:  The  postcuiaiiterior  chesl 
t'ilni  (Fig.  I)  reveals  multiple  piiinionan  in)duies 
in  hdih  lungs,  right  pleural  etTusion.  and  bibasilar 
inierstilial  infiltrates.  The  right-lateral  deeuhitus 
tilin  (Fig.  2)  shows  tree  layering  i)t  pleural  fluid. 

Further  Tests:  Analysis  of  pleural  tluid.  open  lung 
biopsy,  serum  titers,  and  examination  and  eulturing 
of  bronchial  washings  may  be  indicated.  Radio- 
graphs of  paranasal  sinuses  and  abdomen.  antibod\ 
titers,  and  tests  for  the  presence  of  jiarasites  ma\ 
help  establish  the  diagnosis. 

Pleural  tluid  analysis  revealed  an  exudate  with 
40%  eosinophils  (normal  <  3'f ).  Cultures  and 
cytologN  were  negative  tor  cancer  cells.  Fxamina- 
tion  and  culture  of  bronchial  washings  vvere  negative 
for  cancer  cells,  acid-fast  bacillus,  and  tungi. 
Differential  Diagnosis:  The  differential  diagnosis 
of  a  condition  marked  by  the  presence  of  multiple 
pulmonarv  nodules  and  pleural  effusion  includes 
metastatic  disease,  noninfectious  granulomas  (eg, 
rheumatoid  necrobiotic  nodules  and  lymphomatoid 
granulomatosis),  infectious  granulomas  (particu- 
larly fungal  disease  like  histoplasmosis  and 
coccidiomycosisl.  and  pulninnary  vasculitides 
(particularly  Churg-.Strauss  syndrome,  or  CSS: 
Wegner"s:  and  necrotizing  sarcoid  granulomatosis).' 
This  patient's  history  of  allergic  rhinitis,  the 
spirometry  results  indicating  airllow  obstruction. 
and  the  eosinophilic  pleural  effusion  (40'^ 
eosinophils)  narrows  the  differential  diagnosis  to 
allergic  angiitis  and  granulomatosis  (CSS),  allergic 
bronchopulmonarv  aspergillosis,  and  eosinophilic 
lung  disease  due  to  drugs  and  parasites. - 
Diagnosis:  Ihis  patient  had  a  classic  presentation  ol 
CSS,  with  his  history  of  allergic  diathesis,  bronchial 
a.sthma,  and  eosinophilia  in  sputum,  peripheral  blood. 
and  pleural  fluid.  Transbronchial  biojisv  was 
nondiagnt)stic.  but  open-lung  biopsv  revealed 
pulmonary  vasculitis  compatible  with  the  diagnosis. 


Possible  Therapy:  Steroids  are  the  treatment  of  choice 
in  CSS,'  with  the  usual  dose  varying  from  1-2  mg/ 
kg/dav  depending  on  the  severity  of  the  disease. 
Disappearance  of  eosinophilia  is  an  encouraging  sign 
and  suggests  adequate  therapv .  Cases  refractory  to 
steroid  therapv  mav  re(.|uire  cytotoxic  therapv  like 
cyclophosphamide  or  a/athioprine.-* 

Discussion 

Churg-Strauss  syndrorne  was  first  described  in  1  '-)5 1 
b\  ihe  two  pathologists  for  whom  the  condition  is 
named.''  In  addition  to  the  pulmonarv  involvement 
as  manifested  bv  this  patient.  CSS  can  include  cardiac 
involvement  with  hypertension,  pericarditis,  and 
cardiac  failure;  cutaneous  manifestations  w  ith  purpura, 
nodules,  and  urticaria:  mononeuritis  niultiple\: 
proteinuria:  renal  insuttlciencv:  abdominal  pain:  and 
diarrhea.  Steroid  treatment  often  leads  to  remission 
of  symptoms.  Five-year  surv ival  in  a  series  repoiied 
from  Mavo  Clinic  was  62'f  with  median  survival 
of  9  years.-'" 

Our  patient  responded  to  60  mg  of  prednisone, 
which  was  graduallv  reduced  according  to  clinical 
response.  Dyspnea.  pulmonaiA  nodules,  infiltrates,  and 
pleural  effusion  resolved.  He  was  followed  for  about 
2  years  and  was  (hen  lost  to  follow-up. 
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Efficacy  and  impressive  safety  profile  of  EXOSUEF   Neonatal 
confirmed  in  continued  widespread  use 

In  North  American  controlled  clinical  trials,  more  than  2600  premature  infants 
received  EXOSURF  Neonatal.  Under  the  year-long  Treatment  IND,  over  11,400  infants 
received  EXOSURF  Neonatal.  In  the  six  months  following  its  release  for  marketing, 
EXOSURF  Neonatal  has  been  given  to  10,000  infants  in  more  than  750  hospitals. 

There  are  no  known  infectious  or  immunologic  risks  associated  with 
EXOSURF  Neonatal  use.  In  controlled  clinical  trials,  adverse  events  were  comparable 
to  those  of  placebo,  with  the  exception  of  apnea  and  pulmonary  bleeding. 
Infants  receiving  EXOSURF  Neonatal  required  less  ventilatory  support,  possibly 
contributing  to  an  increased  incidence  of  apnea.  Pulmonary  bleeding  occurred  in  1% 
of  control  infants  and  2%  of  treated  infants  in  controlled  trials.  In  the  treatment  IND, 
pulmonary  bleeding  was  reported  in  4%  and  mucous  plugging  at  a  rate  of  3/1000. 
Pulmonary  bleeding  appears  to  be  preventable  with  early  diagnosis  and  appropriate 
treatment  of  patent  ductus  arteriosus. 

One-year  foUow-up  evaluated  developmental  outcomes 

Double-blind  1-year  follow-up  of  more  than  1450  infants  enrolled  in  randomized 
trials  showed  that  mental  and  motor  scores  appeared  to  be  higher  in  tiny  infants 
(<750  grams)  as  well  as  middle-size  infants  (750-1249  grams)  who  received  Exosurf 
Neonatal. 

Economic  data  analysis  showed  cost  savings"" 

Three  separate  studies  evaluated  the  economic  impact  of  a  single  prophylactic 
dose  of  EXOSURF  Neonatal,  two-dose  rescue  treatment  in  700-  to  1350-gram 
infants,  and  two-dose  rescue  treatment  during  the  neonatal  period  in  infants 
weighing  over  1350  grams.  Results  indicate  that  both  prophylactic  treatment  and 
rescue  treatment  are  cost-effective.  Mean  hospital  charges  were  $6451  less  for  large 
infants  receiving  two-dose  rescue  treatment  versus  air  in  the  first  28  days  of  life.  " 

As  easy  to  use  as  it  is  effective 

•  Easy  to  store  and  use  EXOSURF  Neonatal  may  be  stored  at  room  temperature. 
Reconstituted  suspension  may  be  maintained  refrigerated  or  at  room  temperature 
for  up  to  12  hours.  Key  items  needed  for  administration  are  supplied  in  one  kit. 

•  Easy  to  administer  Each  EXOSURF  Neonatal  dose  is  administered  in  two 
2.5-mL/kg  half-doses  without  interrupting  mechanical  ventilation. 

•  Easy  on  infant  To  assist  the  distribution  of  EXOSURF  Neonatal 

in  the  lungs,  the  infant  is  simply  turned  from  midline  position  to  the 
right  after  the  first  half-dose,  and  from  midline  position 
to  the  left  after  the  second  half-dose. 

References:  1.  Eiose  C  Corbel  A,  Bose  G,  el  al.  Improved  outcome  al  28  days  of  age  tor  very  low  birth  weight  infants  treated  with  a  single 
dose  of  a  synthetic  surfactant  J  Pediair  1 990;1 1 7:947-953.  2.  Corbel  A.  Bucciarelli  R.  Goldman  S.  el  al.  Decreased  mortality  in  small 
premature  inlanis  treated  at  birlh  with  a  single  dose  ol  synthetic  surfaclani:  a  mulii-center  controlled  trial.  J  Pediatr.  1991:1 18:277-284 
3.  Gerdes  J  Cook  L  Beaumont  E.  Cortiet  A.  Long  W.  Amencan  EXOSURF  Pediatnc  Groups  I  and  II.  Effects  of  three  vs.  one  prophylactic 
doses  ol  EXOSURF  Neonatal  m  700-  to  1 100-gram  neonates.  Pediatr  Res.  1991 :29(no.  4.  pt  2):214A.  Abstract.  4.  Long  W,  Tfiompson  T. 
Sundell  H.  el  al.  Effects  of  two  rescue  doses  of  a  synthetic  surfactant  on  morfalily  rate  and  survival  without  bronchopulmonary  dysplasia  m 
700-  to  1350-gram  infants  with  respiratory  distress  syndrome.  J  Pediair  1991:1 18:595-605.  5.  U.S.  and  Canadian  EXOSURF  Pediatnc 
StudyGroups  Effects  of  two  rescue  doses  of  EXOSURF*  Pediatnc  in  1232  infants  21 250  grams.  Ped/air  Res.  1990:27(no,  4.  pt  2):320A 
Abstract,  6.  Data  on  file,  Burroughs  Wellcome  Co., 1991 .  7.  Walter  D,  McGuinness  G,  Bose  C,  el  al.  Double-blind  one-year  lollow-up  m 
1450  infants  randomized  to  EXOSURF'  Neonatal  or  air,  Pediatr  Res.  1991  ;29(no.  4.  pt  2):270A.  Abstract.  8.  Sell  M.  Cortiel  A,  Gong  A, 
et  al.  Economic  impacl  of  a  single  prophylactic  dose  of  EXOSURF'  Neonatal  in  700-  to  1  lOOgram  infants.  Pediair  Res.  1991.29(no.  4, 
pt  2|:265A  Abstract-  9.  Ivlammel  M,  lulullett  M.  Derleth  D,  et  al.  Economic  impact  of  two  rescue  doses  of  EXOSURF*  Neonatal  in  700-1350 
gram  inlan\s.  Pediair  Res.  1991.29(no.  4.  pt  2);260A,  Abstract.  10.  Schumacher  R,  Burchlield  D.  Vaughan  R.  et  al.  Economic  impact  of  two 
rescue  doses  ol  EXOSURP  Neonatal  in  il350  gram  infants.  Pediair  Res.  1991;29(no.  4,  pt  2):264A  Abstract. 
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EXOSURF  Neonatar 

(COLFOSCERILPALMITATE,CETYL  ALCOHOL  TYLOXAPOL) 
For  Intratracheal  Suspension / 10  mL  vials 

PLEASE  CONSULT  FULL  PRODUCT  INFORMATION  BEFORE  PRESCRIBING 
INDICATIONS  AND  USAGE   Uosurl  NeonaUl  is  indicdleO  for 

1  Propfiylactic  ireatmeni  ol  infanis  with  Dinh  weights  ot  less  than  1350  grams  who  are  at  risk  ol  developing 

RDSisee  PRECAUTIONS). 

2  Prophylactic  ireatmeni  o)  inlants  with  birih  weights  greater  than  13S0  grams  who  have  evidence  ol  pulmorury 
immalunty,  and 

3  Rescue  treatment  of  mlanls  who  have  developed  HDS 

CONTRAINDICATIONS  Tne'e  are  no  known  coniraindicalions  to  treatment  with  Exosurt  Neonatal 
WARNINGS  Intratracheal  Administration  Onry:  Exosurl  Neonatal  should  be  administered  only  by  instillation  in- 
to the  Udchea  General  Trie  use  ol  Exosurl  Neonatal  requires  expert  clinical  care  by  experienced  neonatologists 
and  other  clinicians  who  are  accomplished  at  neonatal  intubation  and  ventilatory  management  Adequate  per- 
sonnel facilities  equipment  and  medications  are  required  lo  optimize  perinatal  outcome  m  premature  infants 
Instillation  of  Exosun  Neonatal  should  be  perlormeO  onty  by  trained  medical  personnel  experienced  m  airway 
and  clinical  management  of  unstable  premature  infants  Vtgilani  clinical  attention  should  be  given  to  all  infants 
prior  10,  during  and  after  administration  ot  Exosurl  Neonatal  Acute  Effects.  Exosurl  Neonatal  can  rapidly  affect 
Ojrygenation  and  lung  compliance  Lung  Compliance:  if  chesl  expansion  impnjves  suDstaniially  ahef  dosing 
peak  ventilator  inspiratory  pressures  should  be  reduced  immediately,  without  wailing  for  confirmation  of  respiratory 
improvement  by  bkxxJ  gas  assessment  Failure  lo  reduce  inspiratory  ventilator  pressures  rapidly  m  such  instances 
can  result  m  lung  overdistention  and  tatai  pulmonary  air  leak  Hypercuia.  if  Ihe  mfanl  becomes  pink  and 
transcutaneous  oxygen  saturation  is  m  excess  of  95%  FiO,  should  be  reduced  m  small  but  repeated  steps  (until 
saturation  is  90  to  95%)  without  waiting  for  confirmation  of  elevated  arterial  pO,  by  blood  gas  assessment  Fail- 
ure to  reduce  FiO,  in  such  instances  can  result  in  hypenaxia  Hypocarbia:  It  arterial  or  transcutaneous  CO, 
measurements  are  <30  lorr  the  ventilator  rate  should  be  reduced  at  once  Failure  lo  reduce  ventilator  rates  in 
such  instances  can  result  m  marked  hypocarbia  which  is  known  to  reduce  dram  blood  flow  Pulmonary  Hemor- 
rhage: In  the  Single  study  conducted  m  infants  weighing  <  700  grams  at  birth  the  incidence  of  pulmonary  hemor- 
rhage (10%  vs  2%  in  the  placebo  group)  was  signiticanlly  increased  m  the  Exosurt  Neonatal  group  None  of 
the  five  studies  involving  infants  with  birlh  weights  >700  grams  showed  a  significant  increase  m  pulmonary 
hemorrhage  in  the  Exosurl  Neonatal  group  In  a  cross-sludy  analysis  of  these  five  studies  pulmonary  hemor- 
rhage vras  reported  ton  %|  14/ 1420)  ol  inlants  in  the  placebo  group  and  2%  127/1411)  of  inlants  in  the  Exosurl 
Neonatal  group  Fatal  pulmonary  hemorrhage  occurred  m  three  inlants  two  m  the  Exosurt  Neonatal  group  and 
one  m  the  placebo  group  Mortality  from  all  causes  among  infants  who  developed  pulmonary  hemorrhage  was 
43%  in  Ihe  placebo  group  and  37%  in  the  Ejcosurl  Neonatal  group  Pulmonary  hemorrhage  in  both  Exosurt  Neonatal 
and  placebo  infants  was  more  frequent  m  infants  who  were  younger  smaller  male  or  who  had  a  patent  ductus 
arteriosus  Pulmonary  hemorrhage  typically  occurred  m  the  first  2  days  of  life  m  both  treatmeni  groups  in  more 
than  7700  inlants  in  (he  open,  uncontrolled  study,  pulmonary  hemorrhage  was  reported  m  4%  but  fatal  pulmonary 
hemorrhagewasreportedrareiylO  4%)  intheconiroliedcimicaistudies  Exosurl  Neonatal  treated  infants  who 
received  steroids  more  than  24  hours  prior  to  delivery  or  indomethacm  postnatally  had  a  lower  rate  ot  pulmonary 
hemorrhage  than  other  Exosurt  Neonatal  treated  mtanls  Attention  should  tie  paid  to  early  and  aggressive  diagnosis 
and  treatmeni  (unless  contramdicatedl  ot  patent  ductus  arteriosus  during  the  first  2  days  of  life  (while  the  duc- 
tus arteriosus  is  often  clinically  silent)  Other  potentially  protective  measures  include  attempting  to  decrease 
FiO,  preferentially  over  ventilator  pressures  during  the  first  24  to  48  hours  after  dosmg  and  attemplmg  to  de- 
crease PEEP  minimally  for  at  least  48  hours  after  dosmg  Mucous  Phigs:  Infants  whose  ventilation  becomes  marked- 
ly impaired  during  or  shortly  after  Oosing  may  have  mucous  plugging  of  the  endotracheal  lube,  particularly  il 
pulmonary  secretions  were  prominent  prior  to  drug  administration  Suctioning  of  all  infants  prior  to  dosing  may 
lessen  the  chance  ot  mucous  plugs  obstructing  the  endotracheal  lube  if  endotracheal  tube  obstruction  from 
such  plugs  IS  suspected ,  and  suctioning  is  unsuccesslui  m  removing  the  obstruction.  Ihe  blocked  endotracheal 
lube  should  be  replaced  immediately 
PRECAUTIONS; 

General :  in  the  controlled  clinical  studies  infants  known  prenatally  or  postnatally  to  have  major  congenital  anomalies, 
orwhoweresuspectedothavingcongeniiaiinteclion  were  excluded  from  entry  However  these  disorders  can- 
not be  recognized  early  m  life  m  all  cases  and  a  tew  infants  with  these  conditions  were  entered  The  benetits 
ot  Exosurt  Neonatal  m  the  affected  infants  who  received  drug  appeared  lo  be  similar  to  the  benetits  observed 
in  infants  without  anomalies  or  xcult  infection  Prophylactic  Treatment-Infants  <700  Grams:  In  infants  vi^eighmg 
500  to  700  grams,  a  single  prophylactic  dose  of  Eiosurt  Neonatal  significantly  improved  FiQi  and  ventilator 
settings,  reduced  pneumothorax  and  reduced  death  from  RDS  bul  increased  pulmonary  hemorrhage  (see 
WARNINGS)  Overall  mortality  did  not  difler  significantly  between  Ihe  placebo  and  Exosurt  Neonatal  groups  (see 
"bble  1  in  lull  pnMuci  information)  Data  on  multiple  doses  m  infants  m  this  weight  class  are  no!  yet  available 
Accordingly,  clinicians  should  carefully  evaluate  the  potential  risks  and  benefits  of  Exosurt  Neonalal  administra- 
tion m  these  infants  Rescue  Treatment-Number  ot  Doses:  A  small  number  of  infants  with  ROS  have  received 
more  than  two  doses  of  Exosurt  Neonatal  as  rescue  treaiment  Definitive  data  on  the  safety  and  efficacy  of  these 
additional  doses  are  not  available  Carcinogenesis.  Mutagenesis,  Impairment  ol  Fertility:  Exosurt  Neonalal  al 
concentrations  up  to  iO  000  ^g/ptate  was  not  mutagenic  m  Ihe  Ames  Salmonella  assay  Long-term  studies  have 
not  t)een  pertormed  m  animals  to  evaluate  Ihe  carcinogenic  poleniial  ol  Exosurt  Neonalal  The  effects  of  Exosurt 
Neonalal  on  lertilily  have  not  been  studied 
ADVERSE  REAaiQNS: 

General,  Premature  birth  is  associated  with  a  high  incidence  of  morbidity  and  mortality  Despite  significant  reduc- 
Iions  m  overall  mortality  associated  with  Exosurt  Neonalal  some  infants  who  received  Exosurl  Neonatal  devel- 
oped severe  complications  and  either  survived  with  permanent  handicaps  or  died 
in  controlled  clinical  studies  evaluating  the  safety  and  efficacy  ol  Exosurt  Neonatal ,  numensus  safety  assessments 
were  made  In  inlants  receiving  Exosurt  Neonalal  pulmonary  hemorrhage  apnea  and  use  ot  methylxanthmes 
were  increased  A  number  of  other  adverse  events  were  significantly  reduced  m  the  Exosurt  Neonatal  group, 
particularty  various  forms  of  pulmonary  air  leak  and  use  ol  pancuronium  TatJies  3  and  4  summarize  Ihe  results 
ot  the  rnajOr  safety  evaluations  from  the  controlled  clinical  studies 


Tables  Safety Assessments'-ProphytacticTrMtment  iConi  i 


Table  3  Salety  Assessmems 

'-Prophylactic  Treatment 

Numoeioi  Doses 

Sing 

eOose 

Single  Dose 

Single  Dose 

1  vs  3  Ooses 

Binn  Weigm  Range 

500  to  700  grams 

700  to  1350  grams 

70010 1100  grams 

700 10  1100  grams 

PliUtM 

Placebo 

Placebo 

EXOSURF 

EXOSURF 

Treatmeni  Group 

(Air| 

EXOSURF 

(Air) 

EXOSURF 

(Airl 

EXOSURF 

1  Dose 

3  Ooses 

NumOer  ol  Inlanls 

N=I08 

N.t07 

N.I93 

N=192 

N=222 

N  =  224 

N=356 

N  =  360 

%  ol  Inlanls 

Hot  Inlants 

%  ol  mtanls 

%  ol  mtanls 

iniravenincular  Hemorrhage 

(IVH) 

Overall 

5t 

5? 

31 

27 

36 

36 

38 

35 

Severe  IVH 

26 

25 

to 

8 

13 

14 

9 

9 

Pulmonary  Arr  Leak  (PALI 

Overall 

52 

48 

16 

11 

32 

25 

29 

27 

Pneumottiorax 

23 

10- 

5 

6 

19 

ir 

14 

12 

Pneumooencardium 

4 

2 

0 

<I 

1 

1 

Pneumomediaslinuni 

1 

2 

3 

7 

1" 

2 

Pulmonary  IntersMial 

43 

44 

13 

?• 

26 

20 

23 

22 

Empnysema 

Dealh  Irom  PAL 

6 

<1 

<1 

2 

1 

1 

Paleni  Ductus  Arteriosus 

49 

53 

66 

70 

50 

55 

59 

57 

Necrotizing  Enterxolitis 

4 

11 

13 

3 

4 

2- 

Pulmonary  Hemorrnage 

10" 

2 

4 

1 

4 

6 

Congenital  Pneumonia 

4 

2 

4 

2 

2 

1 

Nosocomial  Pneumonia 

10 

to 

2 

4 

4 

7 

14 

15 

Non-Pulmonary  Inleclions 

33 

35 

34 

39 

28 

29 

35 

34 

Sepsis 

30 

34 

30 

34 

23 

24 

30 

27 

Dealti  From  Sepsis 

4 

3 

3 

1 

2 

2 

Meningitis 

6 

3 

1 

2 

3 

2 

Other  iniections 

4 

5 

3 

6 

10 

10 

11 

Maiof  Anomalies 

1 

2 

4 

7 

4 

4 

J 

Number  Of  Doses 

Birth  Weigh!  Range 


Single  Dose  Single  Dose  Single  Dose 

500 10  700  grams      700  lo  1350  grams    7QQ  to  llQO  grams 


1  vs  3  Doses 
70010  1100  grams 


Piacetw  Placebo  Placebo  EXOSURF     EXOSURF 

Treatmeni  Group        (Air)     EXOSURF     (Air)     EXOSURF     (Air)      EXOSURF       1  Dose        3  Ooses 

Number  ol  infants       N  =  108     N  =  l07      N  =  193      N=t9?     H  =  ;22      N=224         N=356        N=360 


%  ot  Inlanls 


%  of  Inlants 


%  ol  inlants 


Hypotension 

70 

77 

52 

47 

59 

62 

54 

50 

MyperOiliruOinemia 

22 

21 

63 

61 

27 

31 

20 

?1 

Exchange  Translusion 

4 

3 

1 

2 

2 

2 

3 

1 

Thromoocytopenia^ 

21 

25 

not  available 

9 

8 

12 

10 

Persisteni  Feiai  Circulalion 

0 

1 

1 

1 

0 

2- 

1 

<1 

Seizures 

11 

8 

2 

2 

11 

9 

6 

5 

Apnea 

34 

33 

76 

73 

55 

65- 

62 

68 

Drug  Therapy 

Antibiotics 

96 

99 

98 

96 

98 

99 

>99 

m 

Diuretics 

55 

60 

39 

37 

59 

63 

64 

65 

Aniiconvulsanis 

14 

18 

23 

24 

20 

16 

9 

8 

InMropes 

46 

40 

20 

20 

26 

20 

28 

27 

Seoalives 

62 

71 

65 

64 

63 

57 

52 

52 

Pancuronium 

19 

11 

22 

14- 

19 

13- 

15 

11 

Melhylxanthines 

38 

43 

77 

77 

61 

72- 

75 

82 

■'  All  paramelers  were  examined  with  as-lrealed  analyses 
°  Thrombocytopenia  reguinng  platelet  I'anstusion 

•  p<0  05 

Table  4  Safety  Assessmetils'-Rescue  Treatmeni 

Numt)er  ot  Doses 
Birtti  Weiglil  Range 

Two  Doses 
700  to  1350  grams 

Two  Doses 
1 250  grams  and  above 

Treatmeni  Group 
Number  ot  Inlants 

Placebo  lAir)      EXOSURF 
N  =  213            N  =  206 

Placebo  (Airi      EXOSURF 
N=622             N=615 

%  ol  Inlants 

%  ot  Inlants 

Intraventricular  Hemorrhage  (IVH) 
Overall 

48 

52 

23 

18- 

Severe  IVH 

13 

9 

5 

4 

Pulmonary  Air  Leak  (PAL) 

Overall 

54 

34— 

30 

t8"' 

Pneumothorax 

29 

20* 

20 

10"' 

Pneumopericardium 

4 

1 

1 

2 

Pneumomediastinum 

8 

4 

5 

2" 

Pulmonary  Interstitial  Emphysema 

48 

25-" 

24 

13"* 

Death  Irom  PAL 

7 

3 

<1 

1 

Paleni  Oucius  Arteriosus 

66 

57 

54 

45- 

Necrotizing  Enterocolitis 

3 

3 

1 

2 

Pulmonary  Hemorrhage 

3 

1 

<1 

1 

Congenital  Pneumonia 

2 

3 

2 

2 

Nosocomial  Pneumonia 

5 

7 

2 

2 

Non-Pulmonary  Inleclions 

19 

22 

13 

13 

Sepsis 

15 

17 

8 

8 

Death  From  Sepsis 

<1 

<1 

1 

<1 

Meningitis 

1 

<1 

1 

<!• 

Other  Inleclions 

5 

8 

5 

6 

Major  Anomalies 

3 

3 

4 

4 

Hypotension 

62 

57 

50 

39" 

Hyperbilirubinemia 

17 

19 

12 

10 

Exchange  Translusion 

3 

4 

1 

2 

Thromhocylopenia^ 

10 

11 

4 

<1" 

Persistent  Fetal  Circulation 

1 

1 

6 

2" 

Seizures 

ID 

10 

6 

3- 

Apnea 

48 

65" 

37 

44* 

Drug  Therapy 

Antibiotics 

100 

99 

98 

98 

Diuretics 

60 

65 

45 

34"- 

Anticonvulsants 

17 

17 

10 

5" 

inotropes 

36 

31 

27 

16"' 

Sedatives 

72 

68 

76 

64"* 

Pancurdnium 

34 

17" 

33 

15"- 

Methylxanthmes 

62 

74" 

49 

53 

*  All  paramelers  were  examined  with 

as-lrealed   analyses 

•  p<0  05 

"•p<0  00l 

^  Thrombocytopenia  reguinng  platelet  translusion 

■•  p<0  01 

Pulmonary  Hemorrhage  See  WARNINGS  Abnormal  Latjoratory  Values:  Abnormal  laboratory  values  are  com- 
mon in  critically  ill  mechanically  ventilated  premature  mtanis  A  higher  incidence  of  abnormal  laboratory  values 
in  the  Ejtosurt  l^eonalal  group  was  not  reported  Events  During  Dosing:  Data  on  events  during  dosing  are  available 
from  more  than  8800  infants  in  the  open  uncontrolled  clinical  study  (Table  5) 


Table  5:  Events  During  Oosing 

n  the  Open.  Uncontrolled  Study' 

Treatment  Type 

Prophylactic  Treaiment 

Rescue  Treatment 

Number  ol  Inlants 

N  =  1127 

N  =  77tl 

%  ol  Inlants 

%  ot  Inlants 

Rellux  ol  Exosurt 

20 

31 

Drop  in  0,  salutation  ( >  20%) 

6 

22 

Rise  in  0,  saturation  (>  10%) 

5 

6 

Drop  in  transcutanepus  pO,  (  >  20  mm  Hg) 

8 

Rise  in  transcutaneous  pOj  (  >  20  mm  Hg) 

5 

Drop  in  transcutanepus  pCO,  ( >  20  mm  Hg) 

<1 

1 

Rise  in  transcutaneous  pCO,  ( >  20  mm  Hg) 

3 

Bradycardia  «60  beats/mm) 

3 

Tachycardia  O200  beats/mm) 

<1 

<1 

Gagging 

5 

Muccus  Plugs 

<1 

<1 

*  Infanis  may  have  experienced  more  than  one  eveni 
Investigators  were  prohibited  from  ad|usling  FiO,  and/or  ventilator  settings  during  dosmg  unless  significant 
clinical  deterioration  occurred 

Reflux:  Reflux  of  Exosurt  Neonalal  into  the  endotracheal  lube  during  dosing  has  been  observed  and  may  be 
associated  with  rapid  drug  administration  It  reflux  occurs,  dnjg  administration  should  be  halted  and,  if  necessary 
peak  inspiratory  pressure  on  the  ventilator  should  be  increased  by  -3  lo  5  cm  HjO  until  Ihe  endotracheal  tube 
clears  >20%  Drop  m  Transcutaneous  Oxygen  Saturation  if  transcutaneous  oxygen  saturation  declines  dur- 
ing dosing  drug  administration  should  be  halted  and  il  necessary  peak  inspiratory  pressure  on  Ihe  ventilator 
should  be  increased  by  4  to  5  cm  H,0  tor  1  to  2  mmules  In  addition  increases  ol  FiOj  may  be  required  for  1 
to  2  mmules  Mucous  Pfugs  See  WARNINGS 
DOSAGE  AND  ADMINISTRATIDN:  See  lull  product  information 
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A  World  Of  Opportunity 
For  Traveling  Professionals. 

At  StarMed,  we  pro\4de  the  profes- 
sional opportunities  and  personal  sat- 
isfaction vou  want  as  a  tra\'eliiig  RRT, 
CRTT  or  CRXA.  •  Choice  of  13-\\eek 
assignments  from  the  country's  finest 
hospitcils.  •  The  Golden  Wiiigs  bene- 
fits program  -  the  most  comprehen- 
sive pay,  bonus  and  insurance 
pacliage  in  the  industry.  •  Paid  tra\'el 
and  housing  expenses.  •  Cai'eer  coim- 
seling  and  support  from  your  personal 
recruiter. 

If  3'ou're  a  qualified  professional 
with  at  least  one  year's  experience, 
and  you're  looldng  for  temjDorju'y  or 
permanent  placement,  call  Star.Med. 
It'll  do  you  a  world  of  good. 
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STAFFING  CORPORATION 

Toll-free  1  SOO-ST.-VRMHD  (782-7633) 


"Because  of  the  things 

we  do,  there  are  people 

alive  today/' 

Miriam  Campos,  R.T. 

Respiraloiy  Therapist 
Kaiser  San  Francisco 


i  he  nurses  and  doctors  come  to  me  with  a  situation 
and  ask  what  I  think  should  be  done.  They  appreciate  and 
respect  my  input." 

As  a  Respiratory  Care  Practitioner  at  Kaiser  Permanente, 
Northern  California,  you'll  be  part  of  a  team  of 
professionals  working  together  in  a  supportive 
atmosphere.  Sharing  ideas  and  experience.  Making  the 
most  of  your  potential. 

Now  consider  a  wide-open  career  path  that  includes 
management  opportunities.  Complex  and  changing 
assignments.  Comprehensive  benefits.  Generous  vacation. 
Time  and  support  for  \'our  continuing  education.  It  all 
adds  up  to  genuine  satisfaction. 

To  learn  more  about  our  opportunities,  benefits,  ;uid 
highly  competitive  salaries, 

visit  us  at: 

Booth  #129  at  the  A\RC 

Annual  Convention  in  Atlanta 

or  call  Patricia  Finnegan  at: 

1»800»522»0045 

Or  write  her  at:  Kaiser  Permanente  Medical  Care  Program, 
Regional  Recruitment  Services,  1814  Fninklin,  Sth  Floor, 
Oakland,  CA  94612.  We  are  an  EKO//V\  employer. 
Minorities,  women,  disabled  and  veterans  are  encouraged 
to  apply. 
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RispinitctrN  (arc  t  ertilicatlon 
(aiidc.  h>  .lames  R  Sills  MKd  C'PIT 
RRT.  Sot'l-cover.  illustiatcil.  412 
pages.  St  Louis:  Mosh\  ^ear  Book 
Inc.  \'-M\.  S27.95. 

How  nice  lo  review  a  I'callv  uselul 
hook!  Respiratory  Care  Certiflca- 
tion  (Juide  is  a  musi  in  the  arnia- 
nienlanuni  o(  an\(ine  preparing  lor 
the  National  Board  for  Respirator) 
Care  iNBRC)  Entr> -Level  Certifica- 
tion (CRTT)  exam. 

It  is  clear  from  the  onset  that  the 
author,  vvhii  is  Director  of  Respirators 
Care  F'rogranis  at  Rock  Vallev  Col- 
lege (Rockford  IL),  is  concerned 
about  adequately  preparing  his  stu- 
dents for  working  as  respiratory  care 
technicians  and  for  passing  the  enlrv- 
level  exam. 

Respirators  Care  Certification 
Guide  "is  designed  to  cover  in  detail 
all  of  the  areas  of  knowledge,  skills. 
and  professional  attitudes  required  of 
technicians  by  the  NBRC."  The  text 
has  been  synthesized  around  the 
NBRC's  June  1987  Detailed  Content 
Outline,  and  progresses  logicallv 
from  patient  assessment  (which  the 
author  calls  ""the  cornerstone  of 
appropriate  care"")  to  pulmonarv 
rehabilitation  and  home  care. 

Headings  throughout  the  text  are 
followed  by  two  alphanimieric  codes; 
the  first  (in  parentheses)  is  the  NBRC 
code  for  the  subject  found  in  the 
NBRC"s  Detailed  Content  Outline, 
and  the  second  (in  brackets)  is  the 
NBRC"s  code  for  difficulty  level 
(Recall.  Application,  and  Analysis). 

I  find  the  ""hitroduction  for  Exa- 
minees""  to  be  clear  and  to  the  point. 
Especially  helpful  is  the  author"s 
■"Relative  Weights  of  the  Various 
Tested  Areas  on  the  Entrv  Level 
Exam.""  in  which  he  has  anal\/ed  the 
content  of  each  ol  the  140  questions 
on  Versions  II.  111.  and  IV  of  the 
NBRCs  Self-Assessment  Entry- 
Level  Exams  (SAEs).  Sills  reflects 
clearK   his  v  iew   that  Sections   1 .  2. 


and  .^  (I'atienl  .Assessment.  Blocul 
Cases,  and  Pulmonarv  luiiction 
Testing)  in  particular  must  be  tho- 
roughlv  understood.  1  found  it  inter- 
esting that  he  placed  PFTs  above  such 
iiHlis|iensahle  content  areas  as  Aero- 
sol Therapy  (Lnil  6)  and  Mechanical 
Ventilation  (L'nit  l.v  a  subject  from 
which  questions  come  most  fre- 
qently).  until  I  recalled  he  is  a  CPFT 
as  well  as  an  RRT! 

It  is  important  to  understand  that 
Respiratory  Care  Certification 
(Juidc  is  a  synopsis  of  entr\-le\el 
content — not  a  textbook  of  back- 
ground information.  Therefore,  the 
(;uide"s  probabiN  most  useful  as  a 
supplemental  resource  to  be  intro- 
duced toward  the  end  of  an  entry-level 
cLirriculum  or  as  a  review  source  for 
the  entry-level  graduate  shortly  before 
attempting  the  NBRC"s  CRTT  exam. 

The  illustrations  (used  freely 
throughout  the  text)  are  of  real  value 
to  the  reader,  as  are  the  self-studv. 
multiple-choice  questions  (keyed)  at 
the  end  of  each  section.  1  also  find 
the  Index  to  be  thorough. 

In  sLuiimary.  1  highlv  recommend 
that  entry-level  respiratory  care 
students  and/or  faculty  preparing 
students  for  the  NBRC"s  Certification 
(CRTT)  exam  add  a  copv  of  Respi- 
ratory Care  Certification  (iuide  to 
their  library,  along  with  other  similar 
soft-cover  review  texts  that  have  been 
reviewed  in  this  journal:  Master 
(iuide  For  Passing  The  Respiratory 
Care  Credentialinj;  Kxanis.  2nd  ed. 
by  TM  Krider.  R  Meyer,  and  W 
.Syvertsen  (RespirCare  I  W():3?:43.Si: 
Respiratory  Care:  National  Board 
Review,  by  CA  Brainard  ( Respir  Care 
198.^:30: 1.^4):  and  Comprehensive 
Review  in  Respiratorj  Care.  2nd  ed. 
bs  VV'V  Wojciechowski  and  E  Neff 
(RespirCare  19S9:.^4:42). 

It  may  be  that  the  best  prool  is  in 
the  pudding."  1  asked  four  full-time 
instructors  m  our  entry-level  Respi- 
ratory Care  Technician  Certification 
Pidgiam  v\hat  tliev    think  of  Respi- 


rator)   Care   Certification   (Juide. 

Tiiev  all  consider  it  to  be  the  most 
up-to-date,  comprehensive  rexiew 
text  for  the  NBRC  entiy  -level  content 
111  existence,  and  use  it  for  theii 
students.  The  pudding.  the\  sav .  tastes 
prett)  good. 

Ralph  E  Bartel  MEd  RCF  RRT 

Department  Head 

Respirator)  Therapist  Program 

Houston  Commiuiitv  College  System 

Houston.  Texas 


Emergency  Airway   Management. 

Michael  S  Gorback  MD.  Soft-cover. 

illustrated.    183    pages.    St    Louis: 
Mosby  Year  Book  Inc.  1990.  $32.9.'^. 

Emergency  .-\irway  Management 

is  an  informative  handbook  that 
addresses  the  problems  of  managing 
the  airway  in  emergenc)  situations. 
The  chapters  evolve  in  a  very  logical 
sequence  that  begins  with  basic 
anatomy,  proceeds  through  equip- 
ment and  assessment,  addresses  basic 
and  advanced  airway  management 
techniques,  and  cimcludes  with 
adjunctive  techniques  (w  ith  emphasis 
on  important  pharmacologic  agents). 
The  book  is  written  in  an  outline 
format,  which  has  several  advantages: 
( I )  the  organization  of  ideas  is  very 
clear.  (2)  ke\  points  can  be  readily 
founil.  and  (3)  reading  can  be  done 
ver\  rapidlv.  However,  the  style 
requires  that  the  reader  pay  close 
attention  and  concentrate  on  every 
statement.  Despite  this  style  (which 
might  be  considered  by  some  to  be 
a  shortcoming).  1  believe  that  the 
information  is  remarkably  complete 
and  that  numerous  clinical  ""pearls"" 
are  found.  These  range  from  the 
hemodynamic  responses  to  intubation 
w  ith  valvular  heart  disease  to  practical 
discussions  on  nebulizing  topical 
anesthetics.  Clever  phraseology  used 
throughout  the  book  makes  its  reading 
enjovahle.    and    numerous    personal 
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experiences  also  help  gi\e  ihc  book 
a  'human"  feci.  One  parliciilarU 
insighllul  comment  regarding  airway 
management:  "Always  remember  the 
first  rule  of  u  ing  walking — never  lei 
go  of  one  thing  until  you  ha\e  a  lirm 
grip  on  another." 

Perhaps  the  greatest  asset  of  this 
book  is  its  photography,  particularly 
the  pictures  of  cadavers  used  to 
demonstrate  a  variety  of  airway 
management  situations.  1  have  used 
a  number  of  slides  made  from  these 
photographs  to  illustrate  the  important 
points  of  airway  management  in 
teaching.  A  short  series  of  color 
photographs  of  laryngoscopic  and 
bronchoscopic  views  of  the  airways 
(which  are  also  included)  arc  tech- 
nically excellent;  however,  they  don"t 
appear  to  add  a  great  deal  to  the 
book's  message  and.  because  they  are 
color,  unfortunately  have  probably 
driven  the  price  up. 

Overall,  the  information  provided 
is  well  organized  and  complete.  These 
features,  coupled  with  the  superb 
illustrations,  make  this  an  oulstandmg 
resource  for  all  clinicians  involved  in 
managing  airways  in  emergency 
conditions.  (The  dosing  guidelines 
and  practical  tips  are  particularly 
useful.)  Even  those  who  deal  only 
with  basic  airway  care  will  find  the 
illustrations  fascinating  and  the  book 
a  useful  reference. 

Neil  R  Maclntyre  MD 

Medical  Director 

Respiratory  Care 

Duke  University  Medical  Center 

Diiiham.  North  Carolina 


Ki'spiraldry  Disease  in  the 
liiiniuiKicompromised  Host,  edited 
by  James  Shelhamer.  Phillip  Piz/o. 
Joseph  E  Parrillo.  and  llenrv  Masur. 
Hardcover,  illustrated.  7S4  pages. 
Philadelphia:  JH  1. ippino.lt  Co.  1990. 
SI  ()()()(). 

As  the  speclruin  ot   iiiiiiuiiiocom- 
promismg  disease  grows,  so  loo  iloes 


the  challenge  of  niasiering  the  care 
of  these  patients — the  goals  of  which 
are  "the  identification  of  a  specific 
process  with  a  definctl  iherapv  and 
prognosis."  For  a  rapidly  growing 
and  evidving  field,  the  traditional 
source  of  information  has  been  the 
primarv  medical  literaluie.  Respira- 
tory Disease  in  the  Immunocom- 
promised Host  contributes  immen- 
sely by  presenting  an  exhaustive 
series  of  state-of-the-ail  reviews  of 
both  infectious  and  noninfectious 
respiratory  illness  that  may  affect 
patients  broadly  considered  to  he 
immunocompromised. 

The  47  chapters  in  this  text  (organ- 
ized into  4  major  sections)  are  written 
by  72  contributors,  many  of  whom 
are  widely  recognized  authorities  on 
their  respective  topics. 

Section  I  (Predisposition  to  Dis- 
ease) contains  3  chapters  that  rev  iew 
the  physiology  of  normal  pulmonary 
host  offense  and  the  impact  of 
impairing  insults  (eg.  cytotoxic  drug 
effects). 

Section  2  (Diagnostic  Approaches) 
is  made  up  of  12  chapters  thai  ex- 
amine the  complete  spcclriini  ol 
imaging,  physiiilogic  testing,  biopsv. 
and  histologic-cytologic  assessment 
of  diagnostic  specimens. 

Section  ^  (Specific  Causes  of 
Respirator)  Dvsfunction)  has  2  1 
chapters  that  review  specific  individ- 
ual infections  {\5  chapters)  and 
noninfectious  causes  of  respiratory 
compromise  in  immunocompiomisetl 
patients  (6  chapters). 

Section  4  (Diagnostic  :ind  Ihcia- 
pculic  Problems  in  Specific  Paliciii 
Populations)  contains  10  chapters  thai 
consider  specific  clinical  settings  (eg. 
HIV  hosts  and  glucocorticoid  recip- 
ients) and  review  the  appropriate 
diagnostic,  therapeutic,  and  preven- 
tive approaches 

Section  ."S  (Prevention  of  Kes|iiia 
tory  Disease)  reviews,  in  a  single 
chapter,  broadly  applicable  preven- 
tive strategies  such  as  protective 
isolation,  anlnniciobial  siippivssion. 
and  ticv  ice  manipiilalion. 


True  to  its  goal  of  being  a  definitive 
textbook,  individual  chapters  are 
comprehensive  reviews  that  are 
exhaustively  referenced  and  contain 
very  citable  tables  and  ample  illustra- 
tions and  photographs.  Overall,  con- 
troversies are  identified  and  discussed 
w  ith  balanced  and  scholarlv  complete- 
ness. For  example,  the  chapter  entitled 
"Open  Lung  Biopsy"  in  Section  2 
(Diagnostic  Approaches)  considers  the 
seminal  issues  of  "false-negative"  and 
"false-positive"  results  in  a  way  that 
refiects  the  authors'  scholarly  and  prac- 
tical clinical  experience  with  this 
technique.  This  observ  aiion  seems  rep- 
resentative of  the  book. 

The  stated  goal  of  the  book  is  to 
be  an  up-to-date  bible  for  diagnosing 
and  treating  immunocompromised 
patients.  Its  success  in  ihis  regard 
suggests  it  should  be  in  the  personal 
libraries  ot  those  phvsicians  who 
commonly  treat  such  patients  (ie. 
intensivists.  pulmonologists.  and 
infectious-disease  specialists).  .Also, 
specific  chapters  on  pulmonarv 
function  testing,  on  bronchoscopic 
techniques,  and  on  diagnostic  and 
ihcrapeulic  handling  of  specific 
populations  (Section  4)  should  be  of 
considerable  value  lo  ICl  -based 
therapists  caring  for  immunocom- 
promised patients  and  lo  those  res- 
piratory care  practitioners  and  inves- 
tigators seeking  complete  ircaiment  of 
the  subject  as  of  late  1990. 

By  selecting  the  rapidiv  evolving 
subject  of  respiralorv  disc.isc  in 
immunocompromised  hosis.  ihe  edi- 
tors lake  on  the  challenge  of  sum- 
marizing comprehensivelv  a  subject 
that  is  likely  to  change  w  ithin  several 
years  ot  the  book's  av  ailabilitv , 
Interesietl  clinicians  and  respiralorv 
care  practitioners  can  expect  that 
subsci.|uenl  ediuoiis  ol  ihis  book  will 
piov  ide  a  iiialin  ing  classic  in  ihe  licki. 

Janus  K  Slolkr  MI) 

Head 

Respiralorv    1  hcrapv  Seclioii 

The  Cleveland  Clinic  loundalion 

Clcvcl.iiul.  Ohio 
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HF()\ — Recent  Developments 

W'c  read  wiih  iniL-resi  ihc  rcLcnt 
ailicle  ""NeoiuiUil  and  Pediatric  Hiyh- 
Frequeiicy  Venlilaluin:  Principles  and 
Practice."'  Dr  Coghill  and  his 
associates  have  provided  a  inosi 
interesting  and  informative  survey  of 
the  subject,  providing  a  balanced  view 
of  the  three  t\pes  of  de\  ices  cunentis 
a\ailable. 

li  is  quite  a  challenge  to  pull 
together  the  necessaiA  data  related  to 
a  rapidls  c\ol\ing  technology  like 
high-frequency  ventilation.  As  indi- 
cated in  the  Journal,  the  article  was 
based  on  a  presentation  made  by  Dr 
Carlo  in  December  1990.  .Since  then 
the  status  of  our  high-frequenc\ 
ventilator,  the  .SensorMedics  .i|()() 
HFOV.  has  changed. 

At  the  end  of  March  1 99 1 .  the  .^  1 00 
HFOV  was  appro\  ed  by  the  Food  and 
Dmg  Administration  for  \entilator\ 
support  and  treatment  of  neonates 
with  respirators  failure  and  baro- 
trauma— a  much  broader  a|ipro\al 
than  that  received  by  the  other  two 
high-frequency  ventilators,  which  are 
specified  onl\  for  application  to 
infants  with  air  leaks  for  uhom 
conventional  ventilation  Is  judged  to 
be  failing.  Although  out-of-label  use 
with  its  associated  risk  is  a  decision 
that  each  clinician  and  institution 
must  address  individually,  it  is  legally 
required  of  the  manufacturer  to 
clearly  promote  use  only  for  approved 
indications. 

The  authors'  note  that  "no  data 
exi.st  to  indicate  that  HFV  can  prevent 
the  development  of  an  leaks." 
However.  Clark  ct  al-  in  an  abstract 
presented  at  the   1990  A'i'S  meelini; 


and  in  a  paper  nou  in  press ^  presented 
evidence  to  support  that  the  number 
of  infants  mechanicall)  \entilated 
more  than  30  days  and  the  incidence 
of  chronic  lung  disease  were  signif- 
icantly less  in  infants  supporteil  b\ 
HFOV  vs  conventional  ventilaims  In 
addition,  since  the  Coghill  et  al  paper 
was  written,  the  results  of  a  multi- 
center  randomized  trial  of  the  3100 
ha\e  been  presented  b\  the  in\esti- 
gators  in  the  HiFO  .Stud>  Group  at 
the  .Snowbird  Conference  on  High 
Frequenc>  Ventilation  in  .April  1991 
and  at  other  meetings. 

Finally,  as  noted  in  the  Table  of 
Comparisons  in  the  article.  Dr  Cor- 
nish's results  on  I  .">  ECMO  candidates 
indicated  a  reduced  need  for  ECMO. 
As  indicated  in  the  discussion  section 
of  the  Coghill  et  al  article,  this  uoik 
\\as  continued  and  published  b\  the 
del.emos  group. ^  Not  mentioned  was 
that  these  results  on  46  neonates, 
although  still  not  controlled,  arc 
certainly  much  more  con\  incing  than 
the  l.'S-patient  pilot  studv. 

William  r  Preiiit  RRT 

Markcling  Manager 

Ventilator  Di\  ision 

SensorMedics  Corporation 

Yorba  Linda.  California 
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I.  Coghill  til  III.  Haywood  JL.  Chal- 
bLMii  KI..  Carlo  WA.  .Neonatal  and 
petllalric  high-l'rcquenc>  ventilation: 
principles  and  practices.  Respir  Care 
1991;.-^6:.'596-(ii:. 

2.  Clark  RH.  Cicisimaiin  DR.  Null  DM 
Jr.    deLcmos    R,.\.    High-frei|iicnc) 


oscillatory  \enlilatii)n  reduces  the 
incidence  of  sc\ere  chronic  lung 
disease  in  respiratory  distress  syn- 
drome (abstract).  .Am  Re\  Respir  Dis 
1990:141(4.  Pan  2):A6X6. 

3.  Clark  RH.  Gerstmann  DR.  .Null  DM 
Jr.  dcLeinos  RA.  A  prospective 
randomi/cd  comparison  of  high 
Irequencs  oscillators  and  conven- 
tional \entilalion  in  respirators 
distress ssndrome.  Pediatrics  1991  (in 
press). 

4.  Carter  JM.GerMmann  DR.  Clark  RH. 
Snyder  G.  Cornish  JD.  Null  D.M  Jr. 
el  al.  High-frequene\  oscillators 
senlilalion  and  extracorporeal  mem- 
brane oxygenation  for  the  treatment 
of  acute  neonatal  respiratory  failure. 
Pediatries  1990:85:159-164. 


The  authors  respond: 

We  base  ohscrsed  wnh  interest  the 
prcliminars  presentalit)n  of  selected 
data  from  the  multicenter  HiFO  siudv. 
V\e  look  forward  to  esaluating  the 
completed  paper  after  its  publication. 
In  our  opinion,  controlled  studies  of 
high-frequency  sentilation  in  candi- 
dates for  extracorporeal  membrane 
oxygenation  are  necessary. 

Carl  H  Coijhill  MD 

James  I.  Haswood  Ml) 

Waldemar  A  Carlo  MD 

Department  of  Pediatrics 

The  Children's  Hospital  of  Alabama 

Unisersits'  of  Alabama 

al  Birmingham 

Birmingham.  .MabaiiKi 

Robert  I.  C  hatburn  RRT 

Rainbow  Babies  & 

Childrcns  Hospital 

Cleseland.  Ohio 
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Black  Precipitate  Found  in 

Puritan-Bennett  72()() 

\  entilatcir  Cascade 

Himiidiiy  s>slein,s  in  most  meLlian- 
ii.al  Nciitilators  are  designed  for  use 
with  water  only.  We  report  on  a  black 
precipitate  found  in  the  Cascade  of 
a  Puritan-Bennett  (PB)  7200  ventila- 
tor attached  to  a  lung-transplant 
patient. 

During  the  first  11-7  shift  check 
of  a  ventilator  being  used  to  support 
a  lung-transplant  patient,  the  therapist 
noted  that  the  reser\oirof  the  Cascade 
humidifier  was  filled  with  a  dark 
precipitate.  The  Cascade  was 
immediately  removed  and  the  patient 
lavaged  with  saline  and  suctioned.  No 
dark  particles  were  suctioned  from  the 
endotracheal  tube.  The  ventilator 
tubing  was  then  changed  and  exam- 
ined for  any  visible  deposits  of  the 
dark  particulate  matter,  but  none  were 
found.  After  the  liquid  had  been 
emptied  from  the  Cascade,  a  dark  thin 
coating  and  some  clumps  resembling 
graphite  were  seen  on  the  tower 
housing  and  the  sides  of  the  reservoir. 
One  obser\  er  noted  that  the  substance 
looked  like  toner  from  a  copying 
machine.  When  quizzed,  the  thera- 
pists and  nurses  reported  no  unusual 
occurrences  with  the  ventilator. 

Three  weeks  later,  at  the  first 
ventilator  check  on  the  3-1 1  shift,  the 
same  kind  of  precipitate  was  found 
in  the  Cascade  but  in  a  larger  quantity 
than  in  the  previous  incident.  (This 
was  the  same  ventilator  and  the  same 
patient  as  in  the  first  incident.) 
Another  ventilator  was  provided  for 
the  patient.  The  inlet  and  outlet  filters 
and  the  gas  circuit  through  the  PB 
7200  were  carefully  examined  by  the 
equipment  supervisor,  but  no  precip- 
itate could  be  found. 

The  fluid  from  the  Cascade  was 
sent  to  the  Environmental  Laboratory 
at  the  Southwestern  Institute  of 
Forensic  Sciences  in  Dallas.  Texas. 
After  extensive  testing  by  centrifuga- 
tion.   analysis   using   gas   chromato- 


graphy and  mass  spectrometry, 
energy  dispersi\e  x-ray.  x-ray  diffrac- 
tion, microscopic  examination,  and 
specific  color  test,  the  material  was 
found  to  be  primarily  nickel  oxide 
(NiiOj).  X-ray  diffraction  indicated 
the  presence  of  sodium  chloride;  no 
other  organic  or  volatile  compounds 
were  found. 

Sterile  equipment  and  sterile  water 
are  routinely  used  with  all  lung- 
transplant  patients.  After  the  precip- 
itate had  been  identified,  we  began 
to  knik  for  a  substance  containing 
nickel.  Cascade  heater  housings  are 
nickel-plated,  and  the  addition  of 
normal  saline  to  a  Cascade  could 
cause  nickel  to  be  leached  off  the 
heater  housing  to  form  the  black 
precipitate. 

We  duplicated  the  incident  by 
setting  up  a  heated  Cascade  filled  with 
0.9%  (normal)  saline.  The  heater  was 
set  on  9  (highest  setting),  and  a 
continuous  flow  of  15  L/min  was  run 
through  the  Cascade.  The  exit  temper- 
ature was  maintained  at  46-48°C.  A 
black  precipitate  that  appeared  iden- 
tical to  the  previous  ones  formed  in 
the  Cascade. 

We  determined  that  the  Cascade 
had  been  filled  with  normal  saline  at 
the  end  of  the  shift.  The  nickel  leached 
off.  and  the  precipitate  was  then 
found.  To  prevent  a  recurrence,  we 
have  apprised  all  therapists  who  work 
in  the  intensive  care  units  of  the 
incidents,  and  have  increased  the 
availability  of  sterile  water.  No 
recurrences  of  the  black  precipitate 
ha\e  been  observed. 

Marta  Tingdale  BCA  RRT 

Manager 

Gretchen  Kenner  Riehl  BHS  RRT 

Instructor 

Dee  Ann  Winficld  BS  CRTT 

Instructor 

Pulmonary  Services 

Baylor  University  Medical  Center 

Dallas.  Texas 


Using  a/A  to  Determine 
F|(),  Desired 

1  enjoyed  Riibcrt  Chatburn's 
re\'iew  of  pediatric  ventilator  manage- 
ment.' but  I  believe  that  there  may 
be  an  error  in  the  legend  of  Figure 
3.  If  the  directions  in  the  legend  are 
followed,  the  F|q,  needed  for  a  Pao, 
of  80  will  be  about  0.63  and  not  0.50. 

1  was  alerted  to  this  error  because 
I  calculated  the  Fjo,  needed  using  the 
following  equation,  which  (like  the 
nomogram  in  the  article)  is  based  on 
the  assumed  stable  relationship  of 
arterial  and  alveolar  oxygen  tensions 
over  short  periods  of  time.  That  is. 
unless  something  bad  has  happened: 

Pao,  at  Time  I      P^o,  at  Time  2 


t^AO, 


AO, 


Therefore,  algebraically: 

p^^^^_[PaU.  +  ll-  PaCO:')]  ^  Pg_47. 
''     a/A 

where  Fjo,'  =  F]o,  needed.  Pao.'  =  PaO, 
desired.  Pace'  =  PaCO,  expected  on  the 
next  ABG.  a/A  =  present  Pao/PAC-  and 
Pb  =  barometric  pressure. 

Plugging  in  the  numbers  given  in 
the  article  and  assuming  a  barometric 
pressure  of  760  yields  an  Fjo,'  of  0.63. 

Of  course,  results  obtained  on  real 
patients  may  vary  from  theory  and 
it  may  be  wise  to  err  on  the  conser- 
vative side  when  choosing  Fjo,. 

Ronald  D  Wasielewski  MSEd  RRT 

Associate  Professor 

Respiratory  Care  Program 

Lexington  Community  College 

Lexington.  Kentucky 

REFERENCES 

1 .  Chalburn  RL.  Principles  and  practice 
of  neonatal  and  pediatric  mechanical 
ventilation.  Respir  Care  I991;36:569- 
595. 

Editor's  Note:  The  figure  and  corrected 
legend  are  shown  on  Page  1248. 
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Fig.  3.  Arterial-alveolar  oxygen- 
tension-ratio  (Pao/PAo )  nomogram.  If 
the  old  (le,  current)  Pgcoj'  f^io^.  3"^ 
Pao  are  known,  the  F|o  required  for 
a  desired  Pgo  can  be  estimated  by 
assuming  that  Pao 'Pao  remains 
constant.  A  straight  line  connecting  the 
old  Paco  3nd  old  F|o  will  intersect  the 
old  Pao-  Pao^^Ao  is  represented  by 
the  diagonal  line  connecting  the  origin 
of  the  graph  (Pao  =0.  Pao  =0)  and  the 
point  representing  the  old  Paq  and  old 
Pao  ■  For  example,  a  Pgco  o'  40  torr 
[5.3  kPa]  and  an  F|o  of  0.40  result 
in  a  Pao  of  about  240  torr  [31 .9  kPaj. 
If  the  measured  Pao  is  50  torr  [6.7 
kPa],  Pao /Pao,  is  about  0.2.  If  one 
moves  along  this  diagonal  line  to  a 
point  above  the  desired  Pgo  (eg,  80 
torr  [10.6  kPa]),  a  honzontal  line  to  the 
left  of  this  point  intersects  the  Pao,  line 
at  400  torr  [53  2  kPaj.  A  line  connect- 
ing this  number  to  an  expected  PacOa 
of  40  torr  indicates  that  an  Fio .  of  about 
0.63  will  be  required. 
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SLEEP  DISORDERS  —  By  Brian  Foresman,  MD.  An  easily  understood  and 
straightforward  discussion  of  the  physiology  of  sleep  and  the  kinds  of  respiratory  and 
nonrespiratory  sleep  disorders  seen  in  the  hospital.  Discusses  how  to  spot  sleep  apnea,  the 
problems  caused  by  the  inpatient  hospital  setting,  sleep  disorder  diagnosis,  and  treatment, 
it  further  tells  you  how  to  interact  with  physicians  to  help  them  treat  these  patients. 
Item  VT32  —  VHS-$40  ( AARC  Member  $35)  Please  add  $2  for  shipping  and  handling. 

I  want  to  learn  more  about  sleep  disorders.  Send  me Sleep  Disorders 

(VT32)  —  $40  each  (AARC  Member  $35)  Please  add  $2  for  shipping  and  handling 


■NEWb 


Payment  enclosed  in  the  amount  of  $ 

Charge  to  my  LJ  MasterCard    LJ  Visa    Card  No. 


.  Bill  me.  My  P.O.  No.  is  . 


Expiration  Date  _ 
Name 


Signature . 


Institution . 
Address 


City/State/Zip . 


^ 


Mail  to: 

AARC  •  11030  Abies  Lane  •  Dallas,  TX  75229-4593 

Or  fax  your  order  to  (214)  484-2720 


AMADEUS 

Intensive  Care  Ventilation... 


Simple,  Practical,  Reliable. 

The  AMADEUS  Adult/Pediatric  Ventilator: 


Economical  to  acquire,  maintain 
and  operate,  just  what  you 
and  your  hospital  want. 


Proven  technology  that  includes 
almost  no  moving  parts  and 
advanced  microprocessor  design. 


All  the  basic  modes,  alarms  and 
monitoring  you  require  for  safe, 
appropriate  ventilatory  support. 
A  simple  to  learn,  easy  to  use 
system  which  includes... 

-  Assist/control,  SIMV,  PEEP/CPAP, 
pressure  support 

-  accurate  monitoring  of  volume, 
pressure,  flow,  oxygen  and  lung 

mechancs  HAMILTON 

MEDICAL 

MAKING  TECHNOLOGY  SERVE  MANKIND 

Manufacturer;     Hamilton  Medical  AG,  Via  Noua,  CH  7403  Rhazuns/Smitzerland,  Telephone  081  37  26  27,  Telex  851  321  hmed  ch.  Fax  081  37  26  89 

USA;  Hamilton  Medical  Inc.,  PO  Box  30008.  Reno,  NV  89520,  Telephone  (702)  786-7599,  (800)  HAMMED  1,  Fax  (702)  786-5621 

Great  Britain;        Hamilton  (G  8  )  Limited,  Parkgate  House,  Broomhill  Road,  London  SW18  4JQ,  Telephone  01-871  5124,  Telex  917003  LPC  G,  Fax  01  874  6010 

Germany;  Hamilton  Deutschland  GmbH,  Daimlerweg  5A,  Postfach  110565,  D-6100  Darmstadt,  Tel.  (06151)  8  50  85,  Telex  419684,  Fax  (06151)  8917  33 

For  all  other  countries  contact  Switzerland  or  our  local  dealer. 

Ame 


Circle  125  on  reader  service  card 


Visit  Booth  601  in  Atlanta 


Ask  about  exclusive  features, 
and  you  won't  get  a  PEEP  out  of  anyone  else. 


Infant  BagEasy'  is  the  first  disposable  manual  resusdtator 
to  offer  integral,  adjustable  PEEP  for  infant  and  neonatal  care. 


Infant  BagEasy  combines  exclusive  user- 
friendly  features  with  superior  performance. 
For  the  tiniest  patients,  infant  BagEasy 
offers  spedai  care  with  near-zero  expiratory 
resistance,  a  pressure  port  for  airway 
monitoring,  enhanced  blow-by  capability 
and  more. 

Like  child  and  adult  size  BagEasys, 
Infant  BagEasy  provides  the  greatest  0 
concentration,  consistently  high  tidal 
volumes  and  optional,  built-in  adjustable 
PEEP,  The  up-front  reservoir  enables  the 


caregiver  to  focus  on  the  patient  while 
monitoring  0  flow.  And  the  flexible  neck 
provides  a  wider  variety  of  comfortable 
ventilating  positions. 

All  BagEasy  resusdtators  come  fully 
assembled,  ready  to  use.  These  one-piece 
units  are  designed  for  reliability  and  won't 
come  apart  during  a  procedure. 

For  more  information  about  these  and  other 
important  standard  features  of  BagEasy, 
contad  your  Respironics  distributor,  or  call 
us  diredly  at  (800)  345-6443.  When  you  ask 


Respironics  about  exdusive  features,  you  get 
a  lot  more  than  a  PEEP. 


RESPIRONICS  INC 

1001  Mun>' Ridge  Drive 
MunYSvile.  Pennsylvania  15668-8550  USA 
Phone;  (800)  345-6443  or  (412)  733-0200 
Fax  (412)733-0299 

The  First  Name  In 
Innovative  Respiratory  Care 


Circle  138  on  reader  service  card 


Visit  Booth  1141  in  Atlanta 


Respiratory  Care 
Open  Forum  Abstracts 


The  1991  RKSPIRMOR^  CAKKOPKN  FORIM 

Kach  \car  a  hi^hli^ht  of  the  Anmial  Meeting  ot  the  Anurican  Association 
for  Respiratory  Care,  the  Rksimra  tORN  Cark  Opk\  FoRlM.  provides  a 
platt'orin  for  the  reportinji  and  discussion  of  some  of  the  clinical  studies, 
method  and  device  evaluations,  and  case  reports  completed  h\  members 
and  friends  durinj;  the  previous  year.  During  the  iy9l  OPKN  FORlM  in 
Atlanta,  (k'orjjia.  Decemher  7-10,  more  than  100  papers  will  be  pre- 
sented— clustered  into  14  minisvmposia.  The  abstracts  of  those  papers  are 
published  here,  sequenced  as  they  will  be  presented.  An  index  of  the 
authors  appears  on  Page  1326,  with  Presenters  designated  by  boldface 
t\  pe. 


Caregiver  Education 

College  Admission  Factors  and  Career  Choices:  A  Survey 
of  High  School  Seniors— Shelley  C  Mishw  MEd  RRT.  Kim 
L  \aleri  MS  RRT.  MeJical  College  of  Georgia:  Laura  H 
Beveridge  MEd  RRT.  Augusta  Health  Alliance — Aiif;iisui. 
Georgia. 

In  an  effon  to  improve  our  reeruilnient  program,  we  conducted 
a  research  study  to  determine  what  factors  influence  high 
school  seniors  making  decisions  related  to  future  careers  and 
college  education.  Materials  &  .Methods:  We  chose  to  survey 
an  accessible  sample  of  high  school  seniors  from  .^  schools  in 
the  public  school  svstem  of  Richmond  County.  .-Augusta  GA. 
We  distributed  5().s  surveys  to  senior  students  who  were 
present  on  the  days  of  data  collection.  Completion  of  the  sur- 
vey was  voluntary.  Each  survey  required  about  10  min  to  com- 
plete 37  questions.  Students  were  asked  to  indicate  v\ hat  career 
they  intended  to  pursue,  what  people  and  factors  inlluenced 
their  choices,  and  their  familiarity  with  and  impressions  of 
allied  health  professions.  The  final  section  asked  students  not 
interested  in  an  allied  health  career  to  brietlv  state  why. 
Results:  ,^93  surveys  were  returned.  77.8%  response  rate;  53% 
of  the  respondents  were  White.  39Vf  Black.  3"^  Hispanic.  2% 
Asian,  and  39f  other  ethnic  origins.  60'7f  of  the  students  indi- 
cated that  they  plan  to  attend  college.  18'^f  to  attend  vocational 
school.  I09f  to  enter  the  military  (data  collected  prior  to  Gulf 
War),  99c  to  work,  and  3%  no  plans.  25%  chose  to  pursue  a 
health-related  career,  25%  undecided.  16%  business.  15% 
engineering.  5%  computer  science.  5%  education.  4%  law.  4% 
science,  and  1%  religion.  Only  -14%  approached  their  coun- 
selors for  guidance:  72%  chose  the  career  for  themselves,  w  ith 


parents  and  other  relatives  exhibiting  the  greatest  intluence. 
The  majority  indicated  personal  satisfaction,  employment 
opportunities,  and  income  as  most  important  factors  influ- 
encing their  career  choices:  76.5%  had  a  favorable  impression 
of  allied  health  professions.  Only  15%  indicated  they  were 
very  familiar  with  the  allied  health  professions.  70%  were 
vaguely  familiar,  and  15%  knew  nothing  about  allied  health. 
Reasons  for  not  selecting  a  health  career  included  course 
requirements,  difficulty  of  curricula,  lack  of  awareness,  dislike 
of  sciences,  and  greater  opponunities  in  non-health  fields. 
Some  feared  being  exposed  to  infectious  diseases  including 
TB.  hepatitis,  and  AIDS.  Conclusions:  Our  results  and  other 
studies  point  to  lack  of  knowledge  rather  than  lack  of  interest 
as  the  leading  cause  of  low  enrollment  in  allied  health  curr- 
ricula.  Recruitment  efforts  should  focus  on  increasing  aware- 
ness of  opponunities  in  allied  health:  marketing  the  personal 
satisfaction,  emploviiieni  opportunities,  and  income  potential 
of  respiratory  therapv  to  youth  and  their  parents:  dispelling 
myths  about  infectious  diseases:  and  actively  competing  for 
students  who  view  non-health  careers  as  more  desirable.  (OF- 
91-0021 

Cooperative  Learninj;  in  an  .Associate  Degree  Respiratory 
Therapy  Program — Cynthia  .Malinovvski  .\1,\  RRT.  Loma 
Linda  University.  Lonui  Linda.  California. 

Teaching  is  accomplished  predominately  through  lecturing  in 
our  program.  We  evaluated  an  instructional  method  that  allows 
more  active  participation  in  the  learning  process  and  increased 
independence.  Method:  In  ^  ear  1.13  students  (control  group) 
in  a  pulmonary  anatomv  and  physiology  class  were  taught  2 
blocks  of  material  by  lecture  only.  The  students  were  tested  on 
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ihc  t\S(i  blocks  of  inalcrial  uilh  IcaLhci-iiKKlc  iiuilllpk'-i.hoicc 
exams,  called  Block  I  and  Hlock  2  l-xam.  ievpccli\ely.  In 
Year  2.  13  studenis  (experimental  group)  were  taiisjiil  the  tlrsl 
block  ol  material  in  the  same  manner  as  the  control  group,  by 
lecture  only,  and  then  tested  with  the  multiple-choice  test  used 
in  Year  I.  Block  I  Hxam  scores  were  compared  between  the 
control  and  experiiiicntal  groups  and  no  significant  ditl'erence 
was  seen  in  perlormance  (p  >  (),(>5).  lixperimental  group  then 
participated  in  a  cooperati\c  learning  experience  for  Block  2. 
.Students  were  assigned  to  groups  and  given  material  to  teach 
to  each  other,  liach  student  had  a  specific  set  of  objecli\es  to 
master  and  teach  but  could  teach  in  whatever  manner  he 
deemed  appropriate,  including  the  use  of  audiovisuals.  The 
same  Block  2  FLxam  from  the  previous  year  was  given  to  the 
experimental  group.  Kfsults:  The  control  group  Block  I  Kxam 
mean  (.SD)  score  was  SI.6  (S.2)  '».  Block  2  S2.2  (S.2)  '/, .  The 
mean  difference  between  Blocks  1  and  2  was  \.5'i  and  not  sig- 
nificant (p  >  0.05).  Experimental  group  Block  I  Kxam  mean 
(.SD)  score  was  77.2  (1.3.2)  and  Block  2  87.8  (12.2)  9;.  The 
mean  difference  between  Block  I  and  Block  2  in  the  group 
with  the  cooperative  learning  was  \().W< .  Impnnenient  in  per- 
formance was  statistically  significant  (Population  /  test,  p  < 
O.O.'i).  Conclusion;  Use  of  the  cooperative  learning  instruc- 
tional method  allowed  more  student  control  o\er  the  learning 
process  and  led  to  improved  performance  on  teacher-made 
tests  for  adults  in  our  respiralorv  thcrapv  program.  (OF-^I- 
041) 

Comparison  of  KITect  of  lA'arniny  Style  .Awarenes.s  on  Test 
Performance  of  Students  in  a  Nutrition  Course — Charles 
Carroll  FdD  RRT.  Daslona  Beach  CoiiimunilN  College.  /)(/\- 
lona  licach  t'Idiidci. 

A  study  was  performed  to  compare  the  effect  of  learning-style 
awareness  on  test  performance  of  students  in  a  community  col- 
lege nutrition  course.  Because  retention  is  a  major  problem  tor 
many  students  in  community  colleges.  I  sought  to  explore 
another  potential  tool  that  might  enhance  student  success  and 
retention.  The  null  hypothesis  was  that  there  would  be  no  sig- 
nificant difference  between  test  scores  when  there  was  an 
awareness  of  learning  style  by  the  students  and  instructor  and 
when  there  was  no  awareness.  Method:  The  population  for  the 
study  was  two  classes  of  students  enrolled  in  a  human  nutrition 
class  at  Daytona  Beach  Community  College.  The  freshman- 
level  course  has  no  prerequisites.  One  class  served  as  the 
experimental  group  aiul  the  olhcr  class  as  the  control  group.  .As 
a  regular  part  of  the  class,  both  groups  were  gi\en  lectures, 
participated  in  discussions,  and  had  their  performance  evalu- 
ated with  10  identical  unit  tests.  .Six  weeks  into  the  course  and 
following  the  administration  of  the  first  two  tests,  the  experi- 
mental group  was  given  a  learning-sis le  unentory.  The  results 
were  shared  with  both  the  students  and  the  instructor;  they  had 
known  that  a  learning-style  study  was  in  progress  but  did  not 
know  the  hypotheses  being  tested.  No  other  effort  to  influence 
learning  was  made.  A  two-tailed  /  test  was  performed,  with 
alpha  at  0.0.5.  Results:  There  were  .32  degrees  (if  freedom  with 
a  critical  t  of  2.042.  The  calculatcti  t  was  3..'iO;  Ihcrclore.  (he 


null  hypodiesis  was  rejected,  indicating  that  the  evperimenlal 
group  (in  which  there  was  a  learning-style  awareness  by  the 
students  and  instructor)  earned  significantly  higher  test  scores 
than  (he  condol  group.  Conclusions:  The  results  of  this  study 
ha\e  important  implications  for  all  students  and  educators — 
showing  that  instructor  and  student  awareness  of  learning 
styles  can  improve  student's  test  performance.  I  believe  that 
learning-sty  le  assessment  and  awareness  should  become  a  rou- 
tine pan  ol  (he  educa(ion  process.  (OF-9 1-060) 


Assessment  of  the  Kn'ecti\eness  of  Replacing  a  l.ive- 
.\nimal  Ph>sioloj>y  I.ahoralory  on  Cardiac  Output  with 
Videodisc  Instruction — John  Phelps  PhU.  Jon  N'ilsesiuen 
PhO  PR  I .  Sunni  llosemann  RN.  SAHS  University  of  Texas 
Health  Science  Center  at  Houston.  Housum.  Texas. 

The  purpose  of  this  study  was  to  investigate  the  instructional 
effectiveness  of  an  interactive  video  program  (IV'P)  on  cardiac 
output  compared  to  an  instructional  sequence  that  included  a 
lecture  and  live-animal  laboratory  and  taught  the  same  content. 
The  main  hypothesis  was  that  learning  performance  as  meas- 
ured by  scores  on  a  written  posltest  would  he  significantly 
higher  for  subjects  who  had  completed  an  IVP  on  "Cardiac 
Output"  than  for  those  who  had  completed  a  similar  instruc- 
tional sequence  consisting  of  a  lecture  and  a  live-animal  labor- 
atory. Methods:  The  content  for  a  previously  produced  IVP  on 
cardiac  output  was  used  in  the  development  of  a  lecture  and  a 
live-animal  (canine)  laboratory.  After  completing  a  pretest,  54 
voluiileer  undergraduate  nursing  and  respiratory  therapy  stu- 
dents were  randomly  assigned  to  either  the  live-animal  instruc- 
tional sequence  or  the  IVP.  After  each  instructional  treatment, 
each  subject  completed  a  posttest  and  an  attitude  assessment. 
Analysis:  The  pretest/posttest  data  were  analyzed  with  an  analy- 
sis of  covariance  procedure,  using  the  pretest  scores  as  the 
covariatc  Findings:  The  research  hypothesis  was  supported  (F 
=  5.31.  p  =  ().()25).  Posttest  scores  of  subjects  completing  the 
IVP  (ivatnienl  were  significantly  higher  than  those  of  subjects 
comiilcting  the  live-animal  laboratory  sequence.  Analysis  of 
various  attributes  of  the  subjects  did  not  reveal  any  interactions 
between  them  and  the  main  treatinent  effect.  Analysis  of  the 
post-treatment  attitude  assessment  data  revealed  that  subjects 
differed  in  their  responses  to  questions  involving  "learning  on 
my  own"  and  "learning  using  computers."  In  both  cases  the 
IVP  group  responded  with  significantly  greater  frequency  in 
the  "Strongly  Agree"  and  "Agree"  categories.  Finallv .  the  lime 
needed  to  complete  each  instructional  treatment  was  very  dif- 
ferent for  each  group.  The  live-animal  laboratory  group 
required  5  hours  to  complete  the  instructional  sequence;  the 
IVP  group  required  1  hour.  Conclusions:  ( I )  Students  learning 
cognitive  concepts  related  to  cardiac  output  via  interactive 
video  can  do  so  at  significantly  higher  levels  of  achievement 
than  those  learning  the  same  content  through  a  lecture  and 
live-aniiTial  laboratory  .sequence,  and  in  1/5  the  time;  and  (2) 
students  are  likely  to  have  more  favorable  attitudes  toward 
learning  by  themselves  rather  than  in  a  group,  and  toward 
learning  aiiled  by  computer.  (()F-9I-()'W) 
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Notetakiny  and  Ri'>ii'«iiiy  Slii(l\  Nolcs:  l-.nVcts  on  I.carn- 
inji  Achit'M'nicnt  v\ith  IntcractiM"  \  idcodisc  (IM))  Instruc- 
tion— Arthur  Jones  MA  RRT.  University  of  Texas  Health  Sci- 
ence Center.  HnKslan.  Tcxcis. 

Background:  Study  results  have  shown  that  IVD  is  an  effec- 
tive and  ett'icient  substitute  tor  con\enlional  instruction.  Note- 
talking  and  review  have  been  studied  in  context  of  conventional 
instruction  but  not  for  IVD.  1  sought  lo  determine  effects  on 
learning  time  and  achievement  from  an  IVD  lesson  about  car- 
diac output  attributable  to  notetaking  and  reviewing:  2  lormals 
of  notes  ( 1 )  learner's  own  notes  and  (2)  matrix  notes  (a  tabular 
organization  of  key  concepts  of  lesson  content  pro\  ided  to  stu- 
dent that  may  be  preferable  for  IVD  lesson  review  because  of 
its  non-linear  organization).  Methods  &  Materials:  Study 
used  pretest,  posltest.  multiple-group  experimental  design  with 
independent  \ariables  of  notetaking  and  note  reviewing. 
Dependent  \ariables  were  learning  achievement  and  time  for 
lesson  completion.  42  undergraduates  from  RT.  nursnig.  and 
perfusion  technology  were  randomized  lo  4  study  conditions.  6 
hypotheses  were  tested  using  ANCOVA.  Tukey's  HSD.  and 
ANOVA.  Results: 

Group  1*       Group  2        Group.'?         Group  4 


Adjusted 
posttest 
mean  ( raw  I 

Mean  time 
(hours) 


.■^7.08 


1.698 


n=  II 


33.34 


.396 


n=  11 


37.89 


1 .363 


n  =  1  I 


34.89 


.887 


*Group  I  =  no  notetaking  or  review;  Group  2  =  review  of  own  notes; 
Group  3  =  review  of  matrix  notes;  Group  4  =  notetaking.  review  of 
own  and  matrix  notes. 

ANCOVA  on  posttest  means,  by  group,  with  pretest  means  as  covari- 
ate:F=  1.454.  p  =  0.24,^. 

ANOVA  on  inean  times,  comparing  Groups  I  &  .^  wnh  2  &  4  com- 
bined: F  =  0.0 1  f).  p  =  0.92 1 . 

Conclusions:  Data  suggest  that  notetaking  does  not  increase 
the  time  required  to  complete  an  IVD  lesson.  Further,  neither 
notetaking  nor  note  reviewing  appear  to  increase  learning 
achievemeni  from  the  medium.  (OF-9l-13()| 

The  Use  of  Preadmission  Criteria  To  Predict  .\cadeniic 
Success  in  a  Respiratory  Care  Curriculum — Timothv  B 
Op  t  Holt  EdD  RRT.  Crystal  L  Dunle\y  EdD  RRT  The  Ohio 
Stale  University.  Coliinihiis.  Ohin. 

Numerous  studies  ha\e  attempted  lo  use  \anous  obiecti\e  and 
subjective  criteria  to  determine  either  the  success  of  applicants 
to  enter  professional  programs  or  their  likelihood  of  success- 
fully completing  them.  The  intent  of  utilizing  such  screening 
procedures  is  to  attempt  to  assure  that  valuable  and  scarce 
resources  are  not  squandered  on  the  academically  or  sociallv 
underprepared   student,   especialh    if  others   are   waiting    for 


admission.  The  literature  indicates  that  the  prc-professional 
grade  point  average  (PPGP.\)  and  the  science-math  GPA 
(SMGPAl  ha\e  the  highest  predictive  validity.  Interview 
scores  seem  to  correlate  only  with  clinical  abilities,  allowing 
evaluation  of  personal  characteristics  and  an  assessment  of  the 
applicant's  knowledge  of  the  field.  We  proposed  lo  determine 
the  predictive  validity  of  the  preadmission  criteria  we  currently 
use  lo  admit  students  into  the  professional  phase  of  our  bac- 
calaureate respiratory  therap>  program  (the  second  2  years).  79 
students  who  were  admitted  into  the  professional  program 
from  1982  ihroiigh  1988  were  the  subjects.  Independent  var- 
iables included  the  year  admitted  inlo  the  program,  age  at  time 
of  admission,  sex,  science-math  GP.A  (based  upon  a  consistent 
list  of  courses).  PPGP.A.  number  oi  points  scored  on  an  inler- 
view.  and  the  total  number  of  points  (based  upon  weighted 
GPAs  and  interview  scores).  Dependent  variable  was  exit 
GPA.  Regressions  were  performed  between  the  independent 
variables  and  the  dependent  variable  to  determine  the  pre- 
dictive validity  of  each  independent  variable.  Linear  regression 
revealed  that  679;'  of  the  variation  in  exit  GPA  could  be 
explained  by  all  the  variables  together.  However,  several  indi- 
vidual correlations  were  almost  as  predictive  of  the  exit  GPA: 
r-  for  SMGPA  =  529'r,  for  CUMGPA  =  379^,  and  for  weighted 
GPA  points  (GPAPTS  =  SMGPA  score  x  30  +  PPGPA  score  x 
15).  r'=b(yi.  We  concluded  that  GPAs  and  the  weighted  GPA 
score  correlate  well  with  academic  success,  while  there  is  no 
correlation  between  interview  scores  and  exit  GPA  (r'  = 
0.029^)  in  our  baccalaureate  respiratory  care  curriculum.  Fur- 
ther investigation  inlo  the  need  for  a  formal,  scored  interview 
process  is  warranted.  (OF-91-163) 

Critical  Care  Techniques  and  P^quipment 

The  Fl()\v-I5y  Option  on  the  Puritan-Bennett  7200a  Ven- 
tilator Does  Not  Increase  Auto-PEEP  in  the  SIMV  Mode — 

William  Clark  RRT,  Daniel  J  Reily  BS  RRT,  Lynda  Gradwell 
MS  RRT,  John  Sestito  RRT.  Hospital  of  the  University  of 
PennsN  Ivania.  I'hiUulclphia.  Fi'iiiisvhdiiui. 

The  721l()a  \cmilalor  has  an  option  known  as  tlow-bv  (FBI. 
This  allows  a  clinician-selected  le\el  of  continuous  How  from 
5  to  20  L/min  in  the  SIMV  and  CPAP  modes.  The  addition  of 
continuous  How  may  add  resistance  lo  exhalation,  iheivhy 
increasing  auto-PEFP  (AP).  This  study  was  done  lo  determine 
the  effect  of  continuous  flow  on  a  pre-established  level  of  AP. 
After  a  Total  Extended  Self-Test,  the  7200a  was  attached  lo  a 
Bio-Tek  Instruments  VT-1  Ventilator  Tester.  Compliance  of 
0.02  cm  H:0/L  and  resistance  of  3.0  L  s  cm  H:0  '  were  set 
on  the  VT-I.  A  screw  clamp  was  applied  to  a  6.()-mni  endo- 
tracheal tube  (ETT)  creating  AP  as  in  a  previously  evaluated 
AF  model  (Rcspu  Care  1986:31:1073-1079).  Pressure  was 
monilored  at  both  the  proximal  and  distal  ends  of  the  ETT  with 
calibrated  Soienson  pressure  transducers.  We  measured  AP 
with  a  Model  7836()A  Hewlett-Packard  strip-chart  recorder. 
No  humidifier  was  used.  The  ventilator  was  set  for  a  square 
waveform  m  ihc  SIMV  mode.  Initial  V|  was  set  (V|-s^.,)  at 
0.39(1  L.   Delivered  V,   (V|.,i,i)  was  ohsersed  to  be  0.36(1  I. 
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Designed  to  Delive 

Directly  to  th« 


With  the  AeroVent  device,  you  medicate  without  compromising  the  integrity  of  the  ventilator 
circuit  and  wi thou t  taking  valuable  time  for  Small  Volume  Nebulizer  (SVN)  hook-ups  or 
circuit  disconnections .  The  AeroVent  device  incorporates  many  design  innovations 
including  features  of  the  AerochambeLaerosol  delivery  system. 

/^,       ^" 

^^        '  /  -i V^ \ 

When  actuated,  the  therapist 
can  see  the  MDI  sprav 
directed  at  an  angle  to  allow 
minimum  impaction  on  the 
walls  while  allowing  the 
plume  to  mature  thus 
achieving  the  greatest 
deposition  in  the 
patient's  lungs. 


A  recent  study  has  shown  a 

need  for  7  to  16  times  more 

medication  (and  more  puffs)  to 

obtain  equivalent  dosage  when 

using  other  MDI  adaptors 

compared  to  using 

AeroVent  device." 
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Metered  Dtisc  Inhaler  Actuator- Adapters:  A  Comparison  of  Particle  Size  and  Drug  Delivery  Through  an  Endotracheal  Tube  -  Richard  V  1  jrson,  RRT  el  all  -  Resp.  Care.  Nov  '$9  Vol  34  No  1 1 


The  AeroVent  device  is  designed  for  convenient  single  patient  use. 


^rosol  Medications 

^tilated  Patient. 


-I r- 


'he  AeroVent  device  includes  a  built- 
in  snap  closure  to  keep  the  AeroVent 
collapsed  while  in  place  and  not  in 
use,  allowing  unrestricted  gas  flow 
through  the  breathing  circuit. 


The  AeroVent  holding 
chamber  can  be  latched 
when  collapsed  in  the 
circuit,  ready  for  the  next 
time  you  need  to  medicate 
the  patient.  Simply  unlatch, 
expand  the  AeroVent  device 
and  actuate  the  aerosol 
medication  from  the  me- 
tered dose  inhaler  (MDI). 


The  AeroVent  device  has 
been  tested  and  proven 
to  deliver  4.5  times  greater 
deposition  than  a  standard 
SVN  to  the  mechanically 
ventilated  patient.  ' 


•  Fuller  HD,  Dolovich 
MB.  Posmituck  G,  Wong 
Pack  VV  and  N'ewhouse 
MT-  Pressunzed  Aerosol 
versus  Jel  Aerosol  Deliv- 
ery-  to  Mechanically 
Ventilated  Patients: 
Comparison  of  dose  to 
the  lungs-  Am  Rev 
RespirDis,  141:440-444 


Graphic  Representation  of  Actual  Lung  Deposition  Data. 
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prior  to  adding  FB.  Subsequent  Vi  settings  were  altered  to 
maintain  Vt-j,-i  at  0.560  L  (±0.01  L).  f  was  set  at  25/min,  and 
peak  now  was  kept  constant  at  25  L/min.  Flow  sensitivity  was 
kept  constant  at  2  L/niin.  .^P  was  then  measured  with  base 
flow  at  0.  5.  10.  15.  and  20  L/min.  5  trials  were  done  for  each 
base  flow  for  a  total  of  25  trials. 


Vt.«, 

VthIcI 

Base  Flou 

Auto-F 

(L) 

(L) 

(I./min) 

(cm  1 

0.590 

0.560 

0 

4.0 

0.620 

0.560 

5 

4.0 

0.580 

0.550 

10 

4.0 

0.580 

0.560 

15 

4.0 

0.610 

0.560 

20 

4.0 

AP  remained  constant  at  +4.0  cm  H:0  pressure  for  all  25 
trials.  The  results  indicate  that  FB  on  the  720()a  ventilator  does 
not  increase  ,\P  in  our  lest  model.  (01--'->l-()57| 

Rapid  Analysis  of  Exhaled  CO:  To  As.sess  Endotracheal 
lube  Placement— Sharon  Day  RRT.  Neil  R  Maclntyre  MD. 
I.arr\  \\  iiolon  RRT.  Duke  University  Medical  Center.  Di<r- 
Ihim.  Morth  CartiUna. 

Introduction:  Assessing  proper  placement  ol  an  endotracheal 
tube  can  be  difficult.  Standard  techniques  include  visualization 
ol  lube  in  larynx,  auscultation  of  chest  and  abdomen,  assess- 
ment of  compliance  using  the  resuscitation  bag.  lube  huniid- 
ification,  patient  phonation.  gastric  contents  in  the  lube,  and 
radiologic  assessment.  Despite  these  lcclinu|ucs.  intubations 
can  be  misplaced.  We  reasoned  that  the  presence  or  absence  ot 
CO:  may  be  a  more  rapid  and  specific  assessment  ol  tube 
placement  Methods  &  Materials:  All  endotracheal  intubation 
attempts  by  Respiratory  Care  Services  at  Duke  University 
Medical  Center  from  July  1989  to  October  1990  were  studied. 
A  Biochem  515  portable  CO:  monitor  was  used  to  detect  CO: 
in  the  returned  endotracheal  tube  gas.  Proper  tube  position  was 
ultimately  assessed  using  chest  radiographs.  Results:  9.^.^ 
patient  intubations  were  analyzed.  We  found  that  915  of  925 
successful  intubations  had  CO:  present  (sensitivity  of  999f ).  X 
of  8  unsuccessful  intubations  had  CO:  absent  (specificity  of 
100%).  915  of  915  with  CO:  present  were  successfully  intu- 
bated (positive  predictive  value  of  100%).  ami  8  ol  IS  with 
CO:  absent  were  unsuccessfully  intubated  (ncgali\e  prcdicti\e 
value  of  45%).  Of  the  10  successful  mtubalioiis  that  did  not 
result  in  endotracheal  CO:,  7  were  thought  to  have  little  or  no 
CO:  in  the  lung  due  to  poor  cardiopulmonary  perliision.  1  had 
a  faulty  CO:  analyzer,  and  2  had  no  explanation  lor  lack  ol 
CO:.  Conclusion:  .-Xlthough  no  one  sign  is  completely  con- 
clusive loi  \crificatioii  of  endotracheal  tube  placement.  CO: 
detection  is  quick  and  easy  and  the  presence  of  CO:  confirms 
proper  intubation  {OF-91-065) 

(■()ntiniinus-ITi(«   \pMi'ic  OxNgenalion  and  \  enllhitioM  in 
the   Presence   ol    l,arj;e   Bilateral    Hronchopleurai    lislulas 

(BKs)— Robert  M  Kacmaick  I'hl)  KKI.  Robert  L  Goulet  MS 
RRT.  Massachusetts  Gencial  llospil.il.  lin^tou.  MtissuchiiscUs. 


The  presence  of  a  BF  during  mechanical  ventilation  usually 
results  in  severe  V/Q  mismatch  and  poor  gas  exchange.  We 
present  a  case  in  which  hyperventilation  was  maintained  dur- 
ing continuous  high  tlow.  although  the  patient  was  apneic  and 
bilateral  BFs  were  present.  Summary:  A  54-year-old  man  (68- 
in  tall.  95  lbs,  history  of  COPD)  underwent  repair  of  a  large 
(8.5  X  9.0  cm)  pseudoaneurysm  of  the  lower  thoracic  aorta. 
During  surgery  a  Iclt-lower-lobe  pulmonary  tear  occurred, 
requiring  2  chest  tubes.  When  patient  was  admitted  to  the  ICU. 
a  right  pneumothorax  was  identified  requiring  placement  of  3 
chest  tubes.  Large  air  leaks  were  noted  from  all  chest  tubes 
except  one  of  the  right-side  tubes.  Mechanical  ventilation  was 
provided  by  an  Emerson  ventilator  with  settings  IMV  rate  24. 
delivered  V,  800  mL,  exhaled  Vj  ,300  mL,  PEEP  0,  Fio:  0.60. 
ABC  values  on  these  settings  were  Po:  83.  Pco;  20,  pH  7.61. 
V'l  was  decreased  to  correct  the  alkalosis,  with  no  effect,  and 
PEEP  added  to  prevent  atelectasis.  EventualU  the  IMV  rate 
was  set  at  0  with  baseline  pressure  of  9-12  cm  H:0.  Fio:  0.  65. 
At  this  point,  the  patient  was  apneic  with  the  ABG  Po:  101. 
Pfo:  21.  pH  7.57.  Gas  How  exiting  the  bilateral  chest  tubes 
totalled  15  L/min.  Continuous  flow  was  maintained  for  3  days 
with  no  significant  spontaneous  respirations,  after  which  the 
volume  of  the  leaks  decreased.  Pco:  increa.sed,  and  spontane- 
ous respirations  resumed.  This  patient  was  ultimately  weaned 
from  \cnlilatory  support  and  sent  home.  Significance:  The 
abilil)  to  maintain  gas  exchange  during  continuous  gas  How 
with  clc\alctl  baseline  pressure  in  the  presence  of  apnea  was 
the  result  of  'one-way'  ventilation  via  bilateral  BF  in  the 
absence  of  severe  parenchymal  lung  disease.  (OF-9l-()94i 

A  Simplil'ied  Method  lor  .Monitoring  \  enous  Admixture  in 
Humans  with  Severe  Hypoxic  Respiratory  Failure — John 
M  Gra>bcal  CRTT.  Ciaificld  B  Russell  .\1D.  Michael  T  Snider 
MD  PhD    Ihc  .Milton  S  Hershey   Medical  Center.  Hiisluy. 

I'c'nii.wlviiiiiii. 

lntroducti(m:  Serial  measurements  of  venous  admixture  (Qs/ 
(^)  are  often  used  to  monitor  the  clinical  course  of  hypoxic  res- 
piratory failure,  as  seen  in  adult  respiratory  distress  syndrome 
(ARDS).  The  determination  of  Qs/Qi  uses  simultaneous  arterial 
and  mixed  \enous  blood  gas  measurements  and  is  calculated 
with  the  equation.  QsiQ[  =  (CcO:  -  C,,():/Ct():  -Cvo:).  utilizing 
oxNgcn  conlciils  ol  pulmonary  capillary,  systemic  arterial,  and 
mixed  \cnous  blood,  respectively.  The  ventilation-perfusion 
iiulcx  (VQl  =  I00-Sa0:/I00-Sv02).  utilizing  oxygen  satura- 
tions of  arterial  and  mixed  venous  blood,  respectively,  has 
been  advocated  as  a  simplified,  immediate,  and  less  expensive 
method  of  monitoring  0^  Qi  Previous  clinical  comparisons  of 
\(,)l  and  Qs/Qi  have  been  made  when  Qs/Qi  has  been  <  45%. 
Question:  Does  \QI  reliably  assess  Q^iQi.  particularly  in  the 
range  45-100%.  as  seen  in  patients  with  severe  hvpoxic  res- 
piratory failure  as  with  ARDS.'  Methods:  With  approval  of 
the  Clinical  Investigations  Committee,  12  adult  patients  (5 
male),  mean  (SDl  age  25  (7)  y,  were  studied,  and  370  compari- 
sons of  calculated  Q^iQi  and  VQl  values  made.  .All  patients 
had  severe  ARDS;  I  I  required  either  ECMO  or  experimental 
use  oi  intravenous  oxvgcnation  for  rcspiratoiv  support.  Blood 
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gases  were  sampled  as  clinically  indicated  and  measurements 
made  utilizing  both  an  IL-1323  Blond  Gas  Analyzer  and  an  IL- 
282  CO-oximeter.  Qs/Qi  was  calculated  by  the  clinical  labor- 
atory computer  using  the  classic  equation.  Comparisons  were 
made  over  wide  ranges  ot'Qs/Qi  (S-IOO'.J).  of  F|o:  (0.21-1.0). 
of  PEEP  (5-30  cm  H.O).  of  SaO:  (65-99%).  of  SvO:  (35-92%), 
of  hemoglobin  (6.6-14.9  g%).  and  of  P^ro:  (23-74  torr).  VQI 
and  QvQi  correlation  was  determined  by  linear  regression.  .\  p 
value  <  0.05  was  considered  significant.  Bias  and  standard 
deviation  of  the  differences  (SDD)  were  also  calculated. 
Results:  The  frequency  distribution  of  calculated  Qs/Qi  was  < 
15%  (18).  15-30%  (81).  30-45':;  (103).  45-60%  (44),  60-75% 
(33).  and  >  75%  (91 ).  Os/Qi  was  above  60%  in  124/370  com- 
parisons. There  was  a  strong  correlation  (r  =  0.973.  p  <  0.001. 
slope  =  1.072.  Y  intercept  =  -8.4)  over  the  range  of  VQI  and 
Qs/Qi  values  measured.  Overall,  calculated  bias  was  4.7  (7.6 
SDD)  %.  The  bias  was  calculated  u  ithin  each  Qs/(j  range.  The 
largest  (8.7  ±  7.0  %)  and  smallest  (0.4  ±  5.4  %)  bias  occurred 
in  the  (js/Qi  range  of  30-45%  and  >  75%.  respectively. 
Changes  in  VQI  correctly  predicted  changes  in  Q^/Ql  in  88% 
of  measurements.  The  incorrectly  predicted  changes  were 
evenly  distributed:  5.9%  false  predictions  of  deterioration  and 
6.1%  false  predictions  of  improvement.  Conclusions:  In 
patients  with  severe  ARDS.  there  was  a  high  correlation 
between  VQI  and  Q'-zQi  over  a  wide  range  of  Q^/Qi  \ulues. 
Ma.ximal  bias  was  found  in  the  30-45%  Q^/Q  range.  The  direc- 
tion of  (^s/Qt  changes  was  correctly  predicted  in  88%  of  com- 
parisons. VQI  can  pros  ide  rapid  and  (if  the  correlation  extends 
to  saturation  measurements  utilizing  pulse  oximetry  and  fib- 
eroptic S  vO:  monitoring)  continuous  as-sessment  over  a  wide 
Qs/CJt  range.  Clinical  use  of  VQI  should  be  made  with  the 
understanding  that  variations  in  correlation  and  predictability 
of  (js/CJi  changes  do  occur.  (OF-^  I  - 1 45 ) 

Alveolar  Distending  Pressures  and  Lung  Volumes  with  4 
Different  Deep-Breathing  Exercises — Harald  Mang  MD. 
Massachusetts  General  Hospital.  Boston.  Massachusetts: 
Albert  Jaegers  MD.  Max  Kirm  se.  Inst  F  Anaesthesiologie, 
Erlangen.  Germany. 

Introduction:  Different  respiratory  maneuvers  ha\e  been  rec- 
ommended to  prevent  postoperative  pulmonary  complications 
by  increasing  alveolar  distending  pressure  and  lung  volume. 
Theoretically,  the  highest  transpulmonary  pressure  (TPP) 
should  result  in  the  greatest  increase  in  lung  volume.  We  com- 
pared the  inspiratory  capacities  (IC)  and  the  maximum  TPP 
during  voluntary  deep  breathing  (VDB).  dead-space  rebreath- 
ing  (DSR.  5  mL/kg).  incentive  spirometry  (IS.  Voldyne  2500). 
and  intermittent  positive  pressure  breathing  (IPPB,  10  or  20 
cm  H;0)  in  5  patients  after  partial  hepatectomy.  Methods: 
Patients  who  had  given  informed  consent  were  taught  VDB. 
DSR.  IS.  and  IPPB  preoperatively  by  a  physiotherapist  blind  to 
the  study  intent.  Directed  by  the  same  therapist,  they  per- 
formed these  respiratory  maneuvers  in  random  order  on  the 
first  postoperative  day  while  measurements  were  done  by  one 
of  the  authors.  TPP  was  calculated  from  airway  pressure  meas- 
ured at  the  mouthpiece  and  pleural  pressure  estimated  with  an 


esophageal  balloon  attached  to  the  nasogastric  tube.  Volume 
was  derived  from  flow  measured  w  ith  a  pneumotachograph.  IC 
is  expressed  as  percentage  of  forced  \ital  capacity  (FVC) 
measured  postoperatively.  Values  are  mean  (SD).  Statistical 
analysis  was  performed  with  repeated-measures  ANOVA  (*a  < 
0.05).  Results:  Only  IPPB  resulted  in  TPP  and  IC  significantly 
greater  than  voluntary  deep  breaths. 


VDB 

TPP(kPa)       0.6(0.2) 
IC(%FVC)     69(21) 


DSR  IS  IPPB 

0.6(0.3)        0.8(0.5)       1.1  (0.6)* 
78(20)  82(18)         147(45)* 


*See  text. 


Conclusions:  In  patients  at  high  risk  for  postoperative  pul- 
monary complications,  only  IPPB  results  in  alveolar  distending 
pressures  and  king  volumes  significantly  higher  than  occurring 
with  voluntary  deep  breathing.  (OF-9 1-093) 

A  Bedside  Comparison  of  Work  of  Breathing  Using  T- 
Piece  vs  \entilator  CPAP— Donsanne  D  Miller  RRT.  Her- 
bert Patrick  MD.  Thomas  Jefferson  University;  Sandra  B  Wei- 
bel  MD,  Julie  McCann  MD,  Thomas  Jefferson  University  Hos- 
pital— Philadelphia.  Pennsxlvania. 

Introduction:  The  majority  of  comparative  studies  done  to 
determine  the  weaning  mode  associated  with  the  lowest  inspir- 
atory work  of  breathing  (WOBi)  have  used  the  test  lung 
model.  We  developed  a  protocol  for  bedside  assessment  of 
WOBi  and  inspiratory  power  (Pi)  normalized  for  Vj  (WOBi/ 
Vt  and  Pi/Vj,  respectively),  using  ALFA  (Adult  Lung  Func- 
tion Analyzer,  Medical  Associated  Services  Inc,  Hatfield  Pa) 
and  chose  to  compare  WOBi/Vj  and  Pi/Vj  for  T-piece  CPAP 
with  and  without  the  influence  of  continuous  flow  (CF). 
Method:  8  ICU  patients  were  studied  during  medically  indi- 
cated weaning  trials.  Each  wean  method  was  jointly  selected 
by  a  respiratory  care  practitioner  and  physician  blinded  to  the 
study.  5  patients  using  Bear  5  ventilators  were  placed  on 
CPAP  of  0  and  5,  and  CF  was  v aried  from  0-40  L/min  in  incre- 
ments of  10-20  L/min;  3  patients  using  Bear  3  ventilators  were 
placed  on  CPAP  of  0.  and  CPAP  of  5.  For  all  patients,  a  T- 
piece  trial  was  performed  in  a  random  order  with  the  CPAP 
trials.  During  3  min  at  each  setting.  .ALFA  continuously  meas- 
ured and  recorded  flow,  proximal  Y  pressure,  and  distal  endo- 
tracheal/tracheostomy tube  pressure.  Breaths  selected  and 
manually  verified  were  used  by  ALFA  to  compute  Vj.  f,  and 
WOBi/Vr  (using  the  area  within  the  inspiratory  volume  distal 
pressure  loops  normalized  for  Vi )  and  Pi/Vj  (WOBi/Vr  x  f).  A 
comparison  of  parameters  was  considered  significant  for  p  < 
0.05.  ANOVA  and  rank  sum  tests.  Results:  Data  are  mean 
(SEM). 


PiA'T-  l^g  ■  cm/min/V 

T 

T-Piecc 

CPAP  0 

CP.AP  5 

Oplinium  CF  (n  L/min 

Bear  .S 

1 

274.8(4.51* 

368.0(10.9) 

NDt 

286.1  (6.1)  @  40 

T 

174.5(16.3)' 

296.5(11.6) 

250.5  (9.9) 

224.0(10.8)  @  20 

3 

1 19.9(4.81* 

136.0(5.0) 

184.7(4.9) 

189.2  (4.6)  (a- .30 

4 

118.9(3.51* 

209.5(16.6) 

ND 

156.6(2.3)®  20 

5 

139.6(3.8) 

185.5(4.8) 

144.1  (2.5) 

110.0  (3.7)  (s'  10* 
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Twenty-eight  years  ago 
we  declared  germ  warfare. 


Meet  our 

newest 

weapons. 

Twenty-eight  years  ago,  Johnson  &  Johnson 
Medical,  Inc.  revolutionized  disinfection  with  the 
introduction  of  CIDEX* 
Activated  Dialdehyde 
Solution.  And  now,  we're 
offering  two  new  additions 
to  the  CIDEX  Solution 
Family  of  Products. 

Introducing  ENZOL* 
EnTrymatic  Detergent  —  it 
breaks  down  and  removes 
tough,  dried-on  organic 
matter  from  instniments. 
Plus,  easy  rinsing  means  no 
clogging  of  scopes. 

And,  new  CIDEX 
Solution  Test  Strips  —  developed  exclusively  for 
monitoring  the  effectiveness  of  CIDEX  Solution.  It's 
the  easiest,  most  reliable  way  to  detect  imintentional 
dilution.  Simply  dip  a  test  strip  in  CIDEX  Solution, 
remove  and  read. 

Depend  on  Johnson  &  Johnson  Medical  to  lead 
the  charge  in  asepsis  and  infection  control.  For 
additional  product  information,  call  1-800-43.VS009, 
or  contact  your  Johnson  &  Johnson  Medical  sales 
representative. 
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"SY  TO  USE 
"ESULTS  IN  3  MINUTES 


Cidex. 


Test  Strips 

I     »UST  STRIPS 


^^  (oaiH  MM(v)i  ^n'^ 


"S»  TO  USE 
"ESUUTS  IN  3  MlHUTtS 


Solution 

Test  Strips 

*reSI  STRIPS 

MEDICAL  Pt 


wllh 

Penetrating  Power 

PLUS 

Neutral  pH  Cleaning 


Specially  Formulated  lor  Endoscopic 
Instruments  and  General  Equipment 

NETcomtrrrs  o«EGAuo«(i2fl(^  02 1 


MEDICAIINC 


vtkan^taivan'* 


^^S 


""TO  USE 

•»u".Ts  IN  3  minutes: 


QdexplMi 


With  our  two  newest 

additions,  the  CIDEX  Solution 

Family  of  Products  is  the  most 

powerful  weapon  you  have. 


MEDICAL  INC 
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Bear  3 

6 

2I2.6(3.7)* 

235.6  (3.0) 

309.3  (4.0) 

7 

349.4(12.1) 

300.2  (28.9) 

238.5  (9.9) 

8 

137..3(9.7)' 

ND 

243.8  (4.9) 

PiA'r  .  kg  •  cm/min/VT 
T-Picce  CPAP  0  CPAP  5       Opiimum  CF  @  L/min 


NA 
NA 
NA 


•Opdmizcd  Pi/Vr. 

+ND  =  no(  done;  NA  =  no(  applicable. 

Conclusions:  W'c  conclu(Jc  thai  (I )  the  lowest  Pi/Vrs  were 
ohtioneii  im  T-pieee  in  6/8  patients.  4/5  on  Bear  3  tlespite  CF 
and  2/3  on  Bear  3:  (2)  higher  CF  failed  to  uniformly  reduce  Pi/ 
Vt  in  the  manner  we  expected,  requiring  an  individualized 
optimum  CF  setting:  and  (.3)  ALFA,  by  providing  a  convenient 
bedside  assessinent  system  for  WOBi/Vi  and  Pi/Vr.  should 
enable  respiratory  care  practitioners  to  (uinimi/e  Pi/Vi  by 
identifying  the  optimal  weaning  iiinilc  on  a  casc-h\-case  basis. 
I  OF-*)  I -I. ^2) 


PaCO:  Changes  .\re  Inaccurately  Predicted  by  Pt(K). 
Changes  in  Critical  Care  Patients — John  M  Graybeal  CRTT. 
Ciarfield  B  Russell  MD.  The  Millon  .S  Hershey  Medical  Cen- 
ter. Hcr.shey.  Pciuisyhiinid. 

Introduction:  Capnometry  offers  a  continuous  monitor  of 
cnd-lidal  carbon  dioxide  (PciCO:)  that  is  thought  to  predict  arte- 
rial carbon  dioxide  tensions  (PaCO:)  and  may  be  useful  in 
adjusting  mechanical  \entilation.  If  PciCO:  nioniloring  is  to  be 
clinically  useful,  changes  in  Pcico;  must  accurately  reflect 
changes  in  Paco:-  Question:  Arc  changes  in  P,,c():  predicted 
by  changes  in  PcicO;  during  \enlilatory  support  of  surgical  crit- 
ical care  patients'?  Methods:  Following  Clinical  Investigation 
Committee  approval.  80  patients  (mean  [SD|  age  =  60.9  (12.81 
y)  admitted  to  our  SICU  for  a  variety  of  problems  (including 
MVA.  gunshot  wound,  traunialic  amputation,  closed  head 
injury,  intracranial  heioaloioa.  CABC.  and  cardiac  valve 
replacement  surgery)  were  studied.  All  patients  were  clinically 
stable  receiving  mechanical  \cntilalion  and  had  a  radial  artery 
catheter  placed.  A  mauislrcam  infrared  capnotneter  (Hewlett 
Packard  78520A)  measured  Pcico-  Arterial  blood  gas  samples 
were  obtained  as  clinically  indicated  and  analyzed  for  pH. 
PaC02.  and  PaO:-  PaC(3:  values  were  corrected  for  hod\  icm- 
perature.  Pcico;  was  recorded  when  arterial  blood  was 
obtained.  Linear  regression  analysis  conipared  the  PaCO:  and 
PetCO;  pairs.  ,\  p  \aluc  <  0.0.5  was  considered  significant. 
Changes  in  both  P.,c():  and  Peico:  compared  with  the  previous 
sample  were  calculated  and  divided  into  2  groups,  those  in 
which  both  P,,co:  and  Peico:  changed  in  the  same  direction 
showing  agreement  (Group  1 1  and  those  in  which  the  PaCO: 
and  the  l\i(();  changed  in  opposite  iliicctions  showing  dis- 
agreement ((iroup  2).  Pi.|.cii(():  \\as  calculated  lor  each  sam- 
ple. Results:  692  P.,(():  and  Peico:  pairs  were  obtained.  There 
was  a  signillcant  correlation  between  P.,c():  and  Pc(CO:.  r  = 
0.52.3.  p  <  0.001.  The  slope  of  the  regression  line  was  0.51 
with  a  Y  intcuept  of  10.6  torr.  Despite  this  correlation,  there 
was    disagreei  i-ni    in    the    direction    of   change    (Group    2) 


between  the  changes  in  PaCO:  and  Pc(CO;  in  192  (31.3%).  84 
occurred  with  increases  in  Peico:  and  decreases  in  PaCO:.  while 
108  occurred  with  PciCO;  decreases  and  PaCO:  increases.  The 
tnean  (SD)  PuciiCO;  was  8.2  (7.7)  torr.  Conclusions:  P,ico: 
demonstrates  a  significant  correlation  with  simultaneous  Pjco: 
measurements,  although  the  slope  of  0.5 1  indicates  that  as 
PaCO:  increases  there  is  a  trend  towards  underestimation  by  the 
PeiCO;.  Several  physiologic  factors,  common  in  the  critically 
ill.  including  increased  dead-space  ventilation  and  ventilation 
and  perfusion  abnormalities — as  reflected  by  the  Pia-euCO; 
exceeding  the  4.7  12.5]  torr  value  reported  in  healthy  sub- 
jects— may  account  for  this.  The  high  number  of  inaccurate 
predictions  calls  into  question  use  of  PcicO;  monitoring  lo 
replace  routine  measurement  of  Pjct);  in  .SICL'  patients.  lOF- 
91-136) 

Airway  Foreign  Body  Remo\al  "ith  CI'T:  \  F'olentialh 
Superior  .Method  to  Fiberoptic  Bronchoscopy — Karen  J 
Crogan  RRT.  Ronald  E  Campbell  RRT.  Harborview  Medical 
Center;  Richard  B  Goodman  MD.  t'niversity  of  Washington — 
Setiltle.  Wcishini^lon. 

Foreign  bodv  aspiration  is  uncommon  in  adults.  Immediate 
removal  is  indicated,  particularly  when  the  aspirated  substance 
physically  obstructs  the  airway,  or  when  the  aspirated  sub- 
stance is  caustic  to  the  airuay  mucosa  leading  lo  edema  and 
e\enlual  obsiruction  or  scar  formation  with  pennanent  airway 
narrowing  (cicatrization).  Bronchoscopy  (fiberoptic  or  rigid)  is 
considered  the  treatment  of  choice  in  most  cases.  We  report  a 
case  in  which  CPT  was  superior  to  bronchoscop\  in  the 
removal  of  an  airway  foreign  body.  A  52-year-old  woman  pre- 
sented 8  h  after  aspirating  her  morning  calcium  carbonate  tab- 
lets. The  initiallv  \ioleiit  episode  of  coughing  hail  subsided, 
and  she  was  left  with  minimal  s\mptoms  of  intermittent  cough 
and  mild  dsspnea  on  exertion.  Physical  examination  revealed 
asymmetric  breath  sounds,  with  a  decrease  in  the  right  pos- 
terior base.  Because  calcium  compounds  are  radiopaque,  the 
tablets  were  visible  on  chest  x-ray  and  were  noted  to  be  lodged 
in  the  bronchus  intermedius.  Calcium  carbonate  is  an  alkaline 
substance.  A  tablet  in  the  airway  would  be  slowly  hydrated 
and  the  local  airwa\  mucosa  continuously  exposed  to  this 
caustic  substance.  .Although  there  was  no  atelectasis  at  the  time 
of  x-ra> .  the  potential  for  further  mucosal  edema  and  eventual 
obstruction  dictated  immediate  removal.  Nebulized  saline  was 
administered  lo  induce  cough,  followed  by  CPT  to  the  right 
lower  lobe.  Within  10  min  the  patient  expectorated  the  2  tab- 
lets. The  tablets  were  semi-solid  and  friable.  Retriexal  by  fib- 
eroptic bronchoscopy  would  ha\e  been  ditlicult  because  ot  the 
physical  nature  of  the  lahlets.  Saline  washings  via  the  broncho- 
scope would  have  conlaminated  the  distal  airways  with  alkali 
and  potentially  caused  further  injury.  The  use  of  CPT  in  this 
patient  was.  therefore,  probablv  the  most  effective  method  of 
removal.  In  addition,  it  imposed  less  risk,  expense,  and  dis- 
comfort to  the  patient,  and  allowed  her  to  immediately  return 
lo  work.  Thus.  CPT  can  be  superior  to  bronchoscopy  and 
should  alwavs  be  considered  in  .iirwav  foreign  bod\  leiiunal, 
(OF-91-0741 
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THE  NEW  SHAPE  OF  PATIENT  PEAK 
FLOWMETERS  FOR  THE  90'S 

FROM  THE  MANUFACTURER  OF  THE  WRIGHf  PEAK  FLOW  METER 


WRIGHT  POCKET  PEAK 
FLOW  METER  SPECIFICATIONS 


GE*   Standard  Model 

Low  Range  Model 
LE  INCREMENTS 
URACY* 
EATABILITY* 
■  (without  mouthpiece) 
QHT 


80-780  LPM 

50-400  LPM 

10  LPM 

within  +  10%  of  reading 

within  ±  10  LPM  at  any  reading 

5.5"  Hx  4.5"  Wx  1.25"  D 

2.8  ounces  (80  grams) 


Its  National  Asthma  Education  Program  Technical  Standards  for  Peak  Flow 
ers,  January  1 991 .  


The  new  Wright  Poclcet  Pealc  Flow  Meters 
from  Ferraris  Medical  represent  a  new 
dimension  in  inexpensive,  reusable  peak 
flow  meters  for  use  in  the  patient's  home, 
physician's  office  or  hospital. 

The  innovative  design  features  a  flexible 
vane  of  tempered  stainless  steel  which 
bends  in  relation  to  the  patient's  exhaled 
flow  rate  to  move  the  sliding  scale 
indicator.  The  traditional  piston  and  spring 
commonly  found  on  competitive  units, 
which  can  weaken  and  wear  over  time,  are 
gone  forever.  An  ultrasonicaily  sealed  ABS 
plastic  housing  provides  superior 
durability  while  eliminating  the  risk  of  lost 
components  or  improper  reassembly.  This 
overall  design  approach  provides  an 
instmment  with  the  least  amount  of  parts, 
ease  in  cleaning,  full  1  year  wan-anty,  and 
a  life  expectancy  well  in  excess  of  5  years. 

With  a  repeatability  that  is  remarkable  at  ± 
10  LPM  at  any  reading,  a  size  that  easily 
fits  pocket,  purse  or  child's  backpack  and 
a  retail  list  price  of  just  $21 .95,  the  Wright 
Pocket  Peak  Flow  Meter  could  just  be  the 
peak  flow  meter  choice  of  the  decade. 
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Visit  Booth  548  in  Atlanta 
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Ferraris  Medical  Inc. 

9681  Wagner  Road,  P.O.  Box  344 
Holland,  NY  14080  - 
Toll  Free:  800-724-7929  - 


World-Qass 
'      idification 


HUMIDI-FLO"" 

The  State-of-the-art  Dual-servo  Humidification  System 


SINGLE  OR  DUAL  ADULT 

HEATED  WIRE  CIRCUIT 

(Neonalal  circuits  also  available) 


DSC-17000  DUAL-SERVO 
CONTROLLER 


tl 


mmi 


CHAMBERS  AND  CIRCUITS 

COMPATIBLE  WITH  OTHER 

COMPETITIVE  SYSTEMS 


Only  HUMIDI-FLO™  allows 
you  to  independently  verify 
the  relative  humidity  and 
absolute  water  content  of  the 
gases  delivered  to  the  patient. 


"SWITCHABILITY"-- 
HUMIDJ-FLO"  controls  wired 
or  non-wired  circuits  by  ttie 
flip  of  a  switcli. 


LOW  COMPRESSIBLE  VOLUME 
NEONATAL  CHAMBER 


Easy-to-read  displays  and  analog  controls 
allow  you  to  monitor  chamber  and  airway 
temperatures,  calculate  relative  humidity 
and  determine  the  milligrams  of  H,0/liter 
delivered  to  the  patient. 

HUMIDI-FLO  '  controls  temperatures 
accurately  through  a  wide  range  of 
ventilation  modes  .  .  .  including 
intermittent  mandatory  and  pressure 
controlled  inverse  ratio  ventilation. 


Note  the  performance  advantages: 

•  Fast  warm  up 

•  High  power  heater 

•  Less      rainout      —      less      potential 
contamination,  less  to  red  bag 

•  Greater  patient  safety 

If  you're  interested  in  the  long-  and  short- 
term  capabilities  of  the  HUMIDI-FLO  " 
system,  please  call  for  more  information: 

800-872-9010. 


LDS 


Visit  our  booth,  359  at  the  AARC 

Life   Design   Systems  a  div,Mon  of  n,rd  Mcdical  Technologies.  Inc.  ^'^  ® 


2735  E,  BELT  LINE  ROAD,  CARROLLTON.  TX  75006  •  (214)  418  -  8800  •  TOLL  FREE  (800)  872  -  9010 
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Long-Term  and  Chronic  Care 

Is  nBiPAP  Superior  to  nCPAP  in  Obstructive  Sleep  Apnea 
(OSA)?:  Case  Report— tidward  Barber  MA  RRT.  Neil  Shore 
MD.  Salem  Hospital.  Scilem.  Massachuselts. 

The  efficacy  of  nCPAP  in  the  treatment  of  OSA  is  well  doc- 
umented. nBiPAP  allows  for  independent  settings  of  inspir- 
atory and  expiratory  pressures  and  has  recently  been  reported 
to  achieve  comparable  therapeutic  results  at  lower  EPAP  lev- 
els, conceivably  thereby  mitigating  or  reducing  adverse  side 
effects  associated  with  nCPAP  therapy  and  improving  com- 
pliance. We  observed  a  41 -year-old  obese  man  with  episodic 
breathing  and  frequent  arousals  during  sleep.  He  was  initially 
treated  with  nCPAP  via  SleepEasy  III  (Respironics,  Murrys- 
ville  P.^),  which  was  effective  at  17  cm  H:0  but  discontinued 
by  the  patient  as  intolerable.  He  was  subsequently  treated  with 
nBiPAP  via  BiPAP  ST  (Respironics)  at  inspiratory/expiratory 
levels  of  10/5  cm  H:0.  This  proved  both  effective  and  tol- 
erable. We  report  on  the  polysomnographic  (PSG)  data  of  3 
tests  over  a  5-mo  period  during  which  the  patient  had  an  8% 
weight  loss  but  no  diuresis  or  change  in  medication.  PSG  tests 
were  done  in  standard  fashion  with  monitoring  of  EEC,  EOG, 
EMG,  ECG,  airflow,  and  oximetry. 


Baseline 

nCPAP 

nBiPAP 

%  Stage  I 

28 

8 

3 

%  Stage  2 

61 

32 

20 

%  Stage  3 

0 

18 

19 

%  REM 

11 

42 

58 

Apnea  Count 

350 

0 

0 

Hypopnea  (H)* 

Count 

236 

32 

0 

Resp  Disturbance  IX  (RDI) 

86.2 

8.2 

0 

%  Time  SaO;  > 

90% 

21 

100 

100 

*  H  is  a  waveform  20-50%  of  baseline:  RDI  is  average  hourly  occur- 
rences of  apnea  and/or  hypopnea. 

In  this  patient  BiPAP  was  superior  to  nCPAP  in  promoting  res- 
torative sleep  and  eliminating  respiratory  disturbances  at  a  sig- 
nificantly lower  EPAP.  A  trial  of  nBiPAP  may  be  warranted 
when  high  levels  of  nCPAP  are  required  with  OSA  patients. 
Further  research  is  needed  with  a  large  number  of  patients  to 
determine  efficacy  of  using  nBiPAP  as  an  alternative  to 
nCPAP.  (OF-91-014) 

The  Short-Term  Effects  of  Inspiratory  Muscle  Training  in 
Stable  COPD  Patients— Ann  M  Wilson  RRT.  Michael  T 
Kochansky  RPFT,  Barbara  S  Shultz  CRTT.  Dean  Hess  MEd 
RRT.  York  Hospital,  York,  Pennsylvania. 

Inspiratory  muscle  fatigue  has  been  shown  to  be  a  contributing 
factor  to  exercise  limitation  in  patients  with  COPD.  High 
inspiratory  muscle  loads  and  inspiratory  muscle  weakness 
have  also  been  shown  to  produce  hypercapnia  in  COPD 
patients.  We  prospectively  evaluated  the  short-term  effects  of 
inspiratory   muscle   training   (IMT)   on   muscle   strength   and 


endurance  in  a  stable  group  of  COPD  patients.  Method:  12 
volunteers  who  completed  our  6-wk  outpatient  pulmonary 
rehabilitation  program  were  treated  using  a  Threshold  Inspir- 
atory Muscle  Trainer  (HealthScan)  at  30%  of  their  maximum 
inspiratory  pressure  (MIP)  for  a  period  of  (i  wk.  Once-daily 
training  times  ranged  from  5-15  min  at  the  beginning  of  the 
program  (Weeks  1  and  2).  and  were  increased  to  30  min  daily 
at  the  end  of  the  program  (Weeks  5  and  6).  Baseline  measure- 
ments of  spirometry,  6-  and  12-min-walk  distance,  resting 
MIP,  and  MIP  following  the  12-min  walk  were  performed,  and 
repeated  after  2  wk  and  6  wk  of  training.  Results:  A  statis- 
tically significant  increase  occurred  in  resting  MIP  (p  <  0.001) 
and  MIP  following  the  12-min  walk  (p  =  0.045).  Mean  (SD) 
values  for  resting  MIP  were  53.50  (18.12)  cm  H:0  (baseline), 
63.92  (23.43)  cm  H:0  (2  wk).  and  69.75  (24.00)  cm  H:0  (6 
wk).  Mean  (SD)  values  for  MIP  following  the  12-min  walk 
were  47.56  (16.03)  cm  H2O  (baseline),  56.44  (15.39)  cm  H2O 
(2  wk),  and  61.1 1  (24.13)  cm  H2O  (6  wk).  Pulmonary  function 
values  (FVC,  FEV|,  and  peak  flow)  showed  no  change  (p  = 
0.89  for  FVC,  p  =  0.79  for  FEV,,  and  p  =  0.79  for  peak  flow). 
The  mean  (SD)  6-min-walk  distances  (in  ft)  at  baseline,  2  wk, 
and  6  wk,  respectively,  were  1094.82  (321.77),  1143.55 
(348.84),  and  1160.73  (371.00)  (p  =  0.05).  The  12-min-walk 
distances  were  2238.36  (666.43),  2295.27  (748.05),  and 
2304.00  (786.61)  (p  =  0.476)  at  baseline,  2  wk,  and  6  wk, 
respectively.  Conclusions:  Our  data  suggest  that  use  of  a 
threshold-type  inspiratory  muscle  trainer  may  increase  inspir- 
atory muscle  strength  in  stable  COPD  patients.  Although  MIP 
increased  both  at  rest  and  following  a  12-min  walk,  and  there 
were  increases  in  6-min  and  12-min-walk  distances,  this  group 
of  patients  still  exhibited  a  decline  in  muscle  strength  fol- 
lowing exercise  periods.  This  reduction  in  MIP  following  sus- 
tained activity  was  similar  to  their  pre-training  decline.  How- 
ever, the  overall  improvement  in  both  resting  MIP  and  post- 
walk  MIP  following  inspiratory  muscle  training  may  increase 
patient  tolerance  of  both  short-burst  and  sustained  periods  of 
activity.  Further  work  is  needed  to  evaluate  the  long-term 
effects  of  inspiratory  muscle  training.  (OF-9 1-062) 

EfTicacy  of  Pneumatic  Demand  Delivery  of  Oxygen  during 
Inspiration — Barry  Make  MD,  Steve  Senn.  National  Jewish 
Center  for  Immunology  &  Respiratory  Medicine,  Denver,  Col- 
orado. 

Devices  that  deliver  O;  during  the  inspiratory  portion  of  the 
respiratory  cycle  achieve  similar  oxygenation  and  reduce  O2 
usage  compared  to  continuous  flow.  We  evaluated  a  new  pneu- 
matic demand  device  (PDD)  that  delivers  O2  only  during  inspi- 
ration. The  PDD  initiates  delivery  of  a  fixed  12-mL  bolus  of 
O2  when  nasal  pressure  falls  below  -0.05  cm  H2O  and  con- 
tinues to  deliver  O2  at  the  desired  continuous  flowrate  during 
the  remainder  of  inspiration  until  nasal  pressure  rises  above 
-0.05  cm  H2O.  Oxygen  is  delivered  via  dual-lumen  tubing 
and  controlled  pneumatically,  eliminating  the  need  for  a  bat- 
tery. To  evaluate  the  PDD,  we  studied  8  patients  with  COPD 
and  4  with  interstitial  lung  disease  (ILD)  who  had  been  using 
O2   as  outpatients  based   upon   physician   prescription.   Data 
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shown  are  mean  (SE).  The  COPD  patients  were  66.6  (3.0)  y 
with  FEV,  0.76  (0.10)  L.  29  (4)  %  predicted  i  and  total  lung 
capacity  (TLC)  7.52  (0.70)  L.  141  (10)  9^ predicted.  ILD 
patients  were  44.5  (11.7)  y  with  a  TLC  of  4.70  (1.18)  L,  80 
(14)  ^predicted.  Patients  breathed  O:  at  1.  2.  or  3  L/min  at 
rest,  and  at  2,  3,  or  4  L/min  while  pedaling  a  stationary  bicycle 
at  3()'>f  of  maximum  work  load.  The  order  of  tlowrates  was 
randomized.  Blood  gases  were  sampled  via  indwelling  artenal 
line.  Using  a  repeated  measures  analysis  of  variance  to  analyze 
the  difference  in  PjO:  with  PDD  and  continuous  flow,  there 
were  no  significant  differences  in  responses  for  the  two  disease 
groups  (p  =  0.30  for  rest  and  p  =  0.83  for  e.xercise)  or  across 
flowrates  for  the  two  disease  groups  during  rest  (p  =  0.42)  and 
exercise  (p  =  0.83).  Pa02  with  PDD  was  higher  at  rest.  80.2 
(2.4)  torr  with  PDD  and  77.9  (2.4)  torr  with  continuous  flow  (p 
=  0.0007).  due  to  a  higher  PaO:  at  1  L/niin  using  PDD.  80.2 
(5.3)  torr  with  PDD  and  69.2  (4.0)  torr  with  continuous.  Pa02 
with  PDD  at  exercise  was  marginally  higher.  72.8  (2.6)  torr 
with  PDD  and  71.2  (2.5)  torr  with  continuous  (p  =  0.055)  due 
to  a  higher  PjO:  at  2  L/min  using  PDD.  67.2  (3.9 1  torr  with 
PDD  and  62.8  (3.4)  torr  with  continuous.  PDD  use  resulted  in 
a  48.6  ( 1.4)  %  savings  of  oxygen.  PDD  was  well  tolerated,  and 
only  I  patient  was  able  to  detect  a  difference  between  PDD 
and  continuous  flow.  We  conclude  that  use  of  pneumatically 
controlled  oxygen  deliver\-  during  inspiration  results  in  similar 
or  belter  oxygenation  compared  to  continuous  flow  in  patients 
with  COPD  and  ILD  at  rest  and  exercise  and  that  it  can  sig- 
nificantly reduce  oxygen  usage.  (.Supported  by  Puritan-Bennett 
Corp.)  (OF-9 1-106) 

Sternocleidomastoid  EMG  Activity  during  the  .\pplication 
of  BiP.AP— Manin  C  Wilkms  BS  RRT.  Gregory  Flick  .\1D.  St 
Vincent  Hospital  &  Medical  Center;  Mar\Beth  Cru/  BS 
RPsgT,  Sleep  Physiology  Services — PortUind,  Oregon. 

Introduction:  Mask  ventilation  with  BiP.\P  holds  promise  as 
a  method  of  muscle  rest  in  patients  u  ith  ads  anced  COPD.  Ster- 
nocleidomastoid (SCM)  electromyographic  (EMG)  activity 
has  been  shown  to  correlate  with  muscle  work  in  patients  who 
use  accessory  muscles;  experience  suggests  muscle  work  may 
increase  during  respiratory  assistance  w  ith  mechanical  ventila- 
tion if  not  titrated  appropriately.  We  therefore  elected  to  study 
stemocleidoma,stoid  EMG  activity  during  the  application  of 
BiPAP  to  determine  whether  muscle  acti\il\  could  be  sup- 
pressed with  appropriate  BiP.AP  lexels.  Method:  10  patients 
with  advanced  COPD  were  chosen  for  study.  Each  patient 
demonstrated  spontaneous  use  of  accessory  muscles  on  phys- 
ical exam.  Raw  SCM  activity  was  recorded  to  computer  disk, 
and  time  averaged  over  300-ms  intervals  BiP.AP  was  admin- 
istered with  an  appropriately  fitting  nasal  mask  attached  to  a 
Respironics  Spontaneous  BiPAP  unit.  The  studies  commenced 
at  11:00  PM  (±1  h)  and  duration  of  sleep  titration  was  6  h 
(±1.5  h).  BiPAP  was  increased  until  a  sharp  reduction  or  an 
absence  in  SCM  EMG  activity  was  noted  or  until  disorganized 
muscle  activity  occurred,  at  which  point  BiPAP  levels  were 
decreased.  Results:  2  patients  demonstrated  intolerance  to  the 
Bil',\P  mask  or  circuit  and  had  no  reduction  in  SCM  activitv.  4 


patients  were  successfully  titrated  to  absent  SCM  activity  and 
4  others  demonstrated  marked  reduction  in  SCM  activity.  Con- 
clusion: Wc  conclude  BiP.AP  can  be  utilized  to  reduce  acces- 
sory-muscle EMG  activity  and  thus  holds  promise  as  a  method 
to  reduce  work  of  breathing  in  patients  w  ith  advanced  COPD. 
(OF-91-157) 

HFJ\  via  a  SCOOP  Trach:  A  Case  Report— Greg  Foust 
RRT.  Michael  D  Wilons  .MD.  Baptist  Memorial  Hospital. 
Memphis.  Tennessee. 

Since  transtracheal  O:  therapy  provides  a  more  cosmetically 
pleasing,  as  well  as  cost-effective  and  convenient  means  of 
providing  supplemental  O:  to  patients  who  are  chronically  O: 
dependent,  this  modality's  popularity  is  on  the  rise.  Con- 
currenth .  HFJV  is  a  mode  oi  ventilation  that  has  enjoyed  some 
utility  in  ver\  specific  situations.  For  those  who  have  had 
experience  with  both,  a  logical  question  would  be.  can  HFJV 
be  used  to  manage  acute  exacerbations  of  COPD'.'  Note  the  fol- 
low ing:  .\  60-year-old  white  woman  u ith  0:-dependent  COPD 
was  admitted  to  our  hospital  with  an  exacerbation.  Since  a  sig- 
nificant fibrotic  component  existed  to  her  disease,  oxygenation 
was  often  difficult  even  when  binasal  O;  was  employed  simul- 
taneously with  O:  via  her  SCOOP  trach.  On  this  particular 
admission,  she  presented  to  the  Emergency  Department  in  res- 
piratory distress.  She  then  had  a  hypoxic  siezure  (Pa02  '8  torr. 
pH  7.37,  and  PaCO:  53  torr)  and  lost  consciousness.  A  2  L/min 
binasal  cannula  was  added  to  the  2  L/min  via  the  SCOOP.  Sub- 
sequent .ABG  revealed  pH  7.28.  Pco;  58  torr.  and  Po:  19  torr. 
Because  of  the  acidotic  trend  and  the  persistent  hypoxemia. 
HFJV  was  initiated  at  10  psi  driving  pressure.  ICK)  breaths/min. 
309f  t,.  and  lOO'^r  O:.  Wilhin  minutes  she  regained  conscious- 
ness, and  ."XBG  revealed  a  PaO:  in  the  70s.  After  2  hours  of 
HFJV,  discontinuance  was  tolerated  well.  Since  this  initial 
experience  and  discharge,  she  has  been  ventilated  with  HFJV 
on  one  other  occasion.  .Approximately  2  mo  later,  during  an 
admission  for  an  acute  infection,  she  was  ventilated  for  just  a 
few  hours  to  resolve  an  acute  hypoxemic  episode  (PaO:  <  30 
torr).  Catheter  motion  and  potential  mucosal  damage  were  con- 
siderations, but  presented  no  problem  in  this  patient.  TTiis 
patient's  problem  was  primarily  hypoxemia.  .'M'ter  the  initial  2 
hours  of  HFJV  during  this  second  admission,  2  1-h  treatments 
were  pertomied  ihc  ncxi  morning.  Each  episode  of  HFJV 
seemed  to  enhance  the  mobilization  of  secretions.  It  would  be 
interesting  to  note  whether  this  type  of  intervention  would  be 
as  successful  in  exacerbations  where  CO:  retention  was  more 
of  a  problem  or  could  intermittent  treatment  with  HFJV  pre- 
vent or  decrease  the  severity  and/or  frequency  of  such  exac- 
erbations. (OF-9 1  - 1 1 6 ) 

Th.VIRapy  Vest  vs  Conventional  Chest  Physical  Therapy 
(Cl'l):  Case  Report— Kemberlev  K  Hull  CRTT,  Robert  H 
Warren  MD.  .Arkansas  Children's  Hospital,  Utile  Rock. 
Arkansas. 

A  new  chest  percussion  device  known  as  the  Th.VIRapy  Vest 
(TV)  was  compared  to  conventional  CPT  in  the  treatment  of  an 
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adult  with  severe  eyslii:  llhrosis  (CF).  The  TV  is  an  intlalablc 
vest  linked  to  an  air-pulse  delivery  system  by  tlexible  hoses 
and  is  used  in  a  sitting  position.  The  system  pulsates  against  ail 
areas  of  the  chest.  rhythniiealU  mobili/ing  mucus.  Case  Sum- 
mary: A  .^2-year-old  man  with  end-stage  CF-  was  admitted  ri>r 
an  acute  pulmonary  exacerbation  complicated  by  congestive 
heart  failure.  Initial  therapy  included  l.V.  antibiotics,  aerosol, 
and  manual  CPT  to  all  lobes  qid.  CPT  resulted  in  no  sputum 
production  in  this  patient.  O:  therapy  was  2  L/min  via  nasal 
cannula.  On  Day  26.  the  TV  became  a\ailable  and  was  sub- 
stituted tor  CPT  for  M)  min  qid  to  esaluate  its  efficacy.  .All 
other  therap\  remained  unchanged.  Therapv  with  TV  resulted 
in  the  production  ot  large  amounts  of  sputum.  Changes  in  pul- 
monarv  function  data  occurred  as  follows: 
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Subjectively  the  patient  felt  better  and  was  discharged  on  Day 
30.  Conclusion:  In  this  patient,  the  TV  was  mitiated  as  a  sin- 
gle therapy  change  with  good  subjecti\e  and  obiecti\e  results. 
Specifically,  sputum  production  occurred  when  con\entional 
CPT  had  not  been  effective  in  mobilizing  secretions.  Further 
study  is  needed  to  assess  the  efficacy  of  the  TV  in  improving 
bronchial  drainage  in  CF  patients.  (OF-91-010) 

Successful  Home  Mechanical  \entilatlon:  Results  of  a 
National  Survey — Karen  A  Glenn  RRT.  Barrv  Make  MP. 
National  Jewish  Center  for  Immunology  &  Respiratory  Med- 
icine, Denver,  Colorado. 

To  determine  the  feasibilit\  of  home  mechanical  \eniilation,  a 
national  survey  was  conducted  b\  the  National  Center  for 
Home  Ventilation.  The  Center  is  an  independent  research 
group  supported  by  professional  organizations  and  funded  by 
the  home  health  care  industry.  A  national  database  of  patients 
receiving  positive-pressure  ventilation  in  the  home  was  estab- 
lished from  data  provided  by  respiratory  therapists  employed 
by  home-care  vendors.  Therapists  were  asked  to  complete  a 
questionnaire  on  patient  age,  diagnosis,  ventilator  use,  duration 
of  home  care,  and  use  of  home  health  personnel.  The  first  100 
patients  reported  to  the  Center  reside  in  17  different  states  and 
form  the  basis  for  this  report:  17  patients  are  children  (<  13 
years  of  age)  and  83  are  adults.  The  most  common  diagnoses 
requiring  home  \entilation  are  neuromuscular  disorders,  which 
are  present  in  1 1  children  (65%)  and  49  adults  (59%).  The 
other  6  children  have  bronchopulmonary  dysplasia.  16  adults 
(19%)  have  chest-wall  disorders,  and  13  (16%)  have  obstruc- 
tive airway  diseases.  Patients  use  their  ventilators  for  17.7 
(0.7)  mean  (SE)  days  daily.  51  of  the  patients  require  mechan- 
ical ventilation  continuously  24  h/d.  16  patients  (10  children. 
59%.  and  6  adults.  7%)  use  5.2  (0.3)  cm  H:0  PEEP,  and  59 


patients  require  supplemental  O:.  56  patients  have  a  second 
\entilator.  The  length  of  time  at  home  is  33.7  (3.9)  mo:  77/100 
have  been  at  home  for  >  1  year  and  20  have  been  at  home  for  > 
4  years.  54  patients  (54%)  do  not  use  paid  health-care  per- 
sonnel on  a  daily  basis.  This  national  sur\e\  of  home  ventila- 
tion documents  that  despite  significant  respiratory  care  needs, 
ventilator-assisted  individuals  are  living  at  home  for  long  peri- 
ods of  time,  and  many  patients  and  families  are  self-sufficient 
w  ithout  the  need  for  extensive  assistance  from  paid  caregivers. 
Continuing  data  collection  using  this  cooperative  model 
among  members  of  the  home  health  care  communilv  can  pro- 
\ide  additional  important  information  about  home  \entilation. 
(Supported  b\  grants  from  .Aequilron.  .Allen  &  Hanburvs  fJi\i- 
sion  of  Glaxo,  Americare  Home  Health  Care.  Ballard  Medical 
Products,  Baxter  Healthcare,  Clasen  Home  Health  Care,  Cryo- 
genic Associates.  Glasrock  Home  Health  Care.  Homedco. 
Hudson  Oxygen,  Instrumentation  Industries.  Lifecare.  Lincare. 
Prime  Care  Medical,  Puritan-Bennett.  Respironics.  Schering. 
Siemens,  SmithKline  Beecham.  and  The  Pediatric  Profes- 
sionals.) (OF-91 -105) 

Transtracheal  BiP.\P  as  an  Invasive  Method  of  .Augmented 
Ventilatory  Support — D  Theron  Van  Hooser  MEd  RRT, 
Kent  Christopher  RRT  MD,  Vencor  Institute  for  Oxygen  Ther- 
apy: David  Brown  B.A  RRT.  Jim  Bowman  RRT.  Susan  Jorgen 
RN  MSN,  Vencor  Hospital — Denver.  Colorado. 

BiP.APi^'''  (Respironics.  Murrysville  PA)  is  a  fiow-  or  time- 
cycled  assistor  device  that  delivers  2  pressures.  BiPAP  has 
been  viewed  as  analogous  to  pressure  support  with  PEEP. 
Review  of  the  literature  shows  that  BiPAP  is  safe  and  effective 
when  used  with  a  nasal  mask  for  augmented  ventilation.  This 
case  series  reports  the  use  of  BiP.AP  \  ia  tracheostomy  to  aug- 
ment ventilation  in  3  patients  with  chronic  respiratory  failure 
and  hypoxemia.  2  patients  ( 1  w  ith  restrictive  lung  disease  and 
1  with  COPD)  were  successfully  weaned  from  full  mechanical 
ventilatory  support  but  needed  augmented  (nocturnal)  support. 
The  third  had  bullous  emphysema  with  scarring  and  fibrosis 
from  tuberculosis  and  had  been  using  nasal  BiPAP  continu- 
ously for  2  mo  prior.  Using  a  modified  circuit  with  added 
humidity,  we  administered  BiPAP  in\asivel\  via  tracheostomy 
tube  to  all  3  patients.  During  the  daytime.  2  patients  were 
maintained  on  low-fiow  O:  only.  All  patients  tolerated  the 
mode  well.  BiP.AP  pressure  settings  were  selected  according  to 
the  last  pressure-support  and  PEEP  values  on  the  conventional 
ventilator.  Changes  were  then  made  according  to  ABG  analy- 
sis and  other  clinical  assessment.  O;  fiowrates  (both  via  the 
BiPAP  device  and  TTC)  were  selected  to  keep  Spo:  >  90%. 
We  adapted  the  BiP.AP  circuit  using  a  ser\o-controlled.  heated 
humidifier  (Marquest  3000).  a  heated- wire  circuit  (Marquest  # 
542031 ).  and  the  Respironics  "whisper  valve"  attached  directly 
to  a  tapered  flex  tube  and  swivel.  A  Lifecare  pressure  alarm 
(23001 )  was  used  to  monitor  "disconnects"  and  delivered  pres- 
sures. We  selected  the  BiP.AP  S/T-D  to  deliver  augmented  sup- 
port because  it  is  easier,  simpler,  and  less  costly  than  a  stan- 
dard \olume-cycled  home  ventilator,  and  total  ventilatory 
support  was  not  needed.  The  2  patients  remaining  on  BiPAP 


RESPIRATORY  CARE  •  NOVEMBER  "91  Vol  36  No  1 1 


1267 


OPEN  FORUM 


conlinuc  to  usl-  il  iiocliirnalls  in  llic  home  and  have  had  no 
problems  during  the  3  nio  since.  We  conclude  Ihal  BiPAP 
(applied  invasively  and  with  proper  humiditicalion)  is  a  sim- 
ple, effective  mode  of  augmented  ventilatory  suppon  for 
selected  patients  who  do  not  require  total  ventilatory  support. 
(OF-y  1-123) 

Techniques  and  De%  ice^  tor  I'atient  Kducation 

Ise  of  thf  Virosol  Inhaliilion  Monitor  (AIM)  ns  Conven- 
tional Instruction  in  leachinj;  MctiTud  Dose  Inhaler  (.MDI) 
Techinque  to  Normal  Subjects — Tanlyn  S  Uobey  MEd  RRT. 
Bethcne  Gregg  MS  RRT.  Barbara  Ludwig  MA  RRT.  Uni- 
versity of  Kansas  Medical  Center,  Kimsiis  City.  Kansas. 

Poor  technique  is  a  common  pmhlcni  wilh  MDI  use.  Errors 
include  inappropriate  actuation,  failure  lo  inspire  slowly  and 
deeply,  and  failure  lo  perform  a  ,*i-s  breath-hold  after  inspira- 
tion. Since  poor  technique  can  significantly  reduce  the  eftec- 
tiveness  of  drugs  delivered  via  MDIs,  an  alpha  study  was  per- 
formed to  determine  if  use  of  the  AIM  (Vitalograph.  Lenexa 
KS)  during  MDI  instruction  improved  MDI  technique  in  nor- 
mal subjects  with  no  prior  experience  with  inhalers.  Method: 
5i)  normal  subjects  were  randomly  divided  into  2  groups  to 
compare  conventional  instruction  (CI)  in  MDI  use  with 
instruction  produced  by  the  AIM.  The  AIM  is  a  small  desk-top 
instrument  that  allows  an  instructor  to  monitor  the  patient's 
coordination  and  performance  when  using  an  MDI.  Inhalations 
in  the  CI  group  were  monitored  by  the  AIM  without  instructor 
feedback.  Results:  92%  of  the  subjects  in  the  AIM  group  suc- 
cessfully performed  2  consecutive  correct  inhalations.  Only 
5t>9c  of  the  CI  group  correctly  performed  2  consecutive  correct 
inhalations,  although  the  instructor  recorded  that  96%  had 
achieved  success.  The  most  common  error  detected  by  the 
AIM  was  inadequate  inspiratory  How  (<  10  L/min  or  >  50  L/ 
min).  The  difference  in  the  number  of  correctly  performed 
inhalations  between  the  2  groups  was  determined  and  the  X- 
statistic  calculated  (8.419  p  <  ().(X)5,  df  =  I).  Conclusion: 
While  the  AIM  can  enhance  instruction  and  improve  MDI 
technique  in  normal  subjects  by  providing  the  clinician  with 
important  feedback  regarding  the  essentials  of  MDI  technique, 
further  study  with  COPD  patients  is  warranted.  (OF-9l-()12) 


Comparison  of  Self-Administration  Techniques  for  Bron- 
chodilators  Delivered  by  MDI  vs  Rotahaler  (RH)— M  Dar- 
nelta  Baker  MBA  RRT.  Patricia  Silver  MEd  RRI.  Steven  D 
Shapiro  MD.  Jewish  Hospital.  Si  Lmis.  Missouri. 

The  RCS  department  compared  retention  of  proper  self- 
administration  techniques  for  MDI  vs  RH  based  on  9-step 
instruction  protocols  unique  lo  each  device.  The  RH  is  a  plas- 
tic device  that  when  turned  opens  a  capsule  containing  albu- 
terol powder.  Subsequent  inhalation  through  a  mouthpiece  dis- 
perses the  powder  into  the  airslream.  Method:  Patients  were 
randomized  to  receive  either  MDI  or  RH  and  evaluated  after 
instruction  at  .^  24-h  intervals  in  =  22  RH  and  n  =  31  MDI), 


v\  ith  no  significant  differences  between  the  groups  u  ith  respect 
to  mean  aue  and  medical  diagnosis.  Results: 
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*%  -  percentage  performing  7-9  steps  correctly, 
tn  =  number  (it  patients  tested 

Steps  frequently  missed  in  the  .\1DI  group  were  canister  shak- 
ing and  reservoir  position.  Capsule  insertion  and  canister  posi- 
tion were  often  performed  incorrectly  in  the  RH  group.  Other 
steps  commonly  performed  incorrectly  by  patients  in  both 
groups  were  breath-holding,  2-min  wait  between  puffs,  and 
compliance  with  ordered  dosage.  RCS  educational  material 
was  altered  to  emphasize  proper  technique  for  steps  performed 
incorrectly.  Conclusion:  The  data  demonstrate  no  significant 
difference  in  the  retention  level  between  groups;  however,  pro- 
gressive improvement  was  noted  in  both  groups  following 
instruction.  Therefore,  despite  the  higher  cost  of  RH.  il  may  be 
used  as  an  alternative  for  patients  v\ho  cannot  tolerate  .MDI 
aerosol  or  master  MDI  technique.  Also,  due  to  environmental 
concerns  associated  with  MDI.  RH  is  an  acceptable  long-term 
alternative  method  of  aerosol  delivery.  (OF-91-128) 

Smoking  Beliefs  in  Corcmary  .Artery   Disease  Patients — G 

Wayne  Silvers  BA.  LM  Netl  RN  RRT.  TL  Petty  MD.  PSL 
Center  for  Health  Sciences  Education:  D  Causey  MD.  ALZA 
Corporation — Dcini'r.  Colorado. 

Smoking  cessation  is  advised  for  patients  who  have  coronary 
artery  disease  (CAD),  yet  many  persist  in  smoking  after  diag- 
nosis. We  wished  to  determine  the  attitude  of  smoking  patients 
with  CAD  regarding  smoking  and  their  health,  using  a  ques- 
tionnaire (Fagerstrom  Nicotine  Dependency  Test  (FNDTj)  and 
biologic  tests  (plasma  cotinine.  a  metabolite  of  nicotine,  and 
end-expiratory  carbon  monoxide  |CO|  levels)  related  to  nic- 
otine dependence.  34  cardiac  patients  were  enrolled  in  this 
study  by  documentation  of  any  of  the  following:  coronary 
artery  bypass  surgery  or  angioplasty,  myocardial  infarction, 
angina  pectoris  with  a  positive  nuclear  scan  on  exercise  lest,  or 
angiographic  ev  ideiice  of  more  than  bO*;;  obstruction  in  at  least 
1  coronary  artery.  We  found  that  patients  who  volunteered  for 
this  study  had  a  mean  age  of  55. 1  y  and  currently  smoked  29.6 
cigarettes/d.  These  patients  had  smoked  for  a  mean  of  36.1  y. 
Mean  values  for  the  FNDT  scores  were  8.3.  with  an  end- 
expiratory  CO  of  33.6  ppm  (non-smoker  <  10  ppm)  and  a 
serum  cotinine  level  of  197.9  ng/niL  (non-smoker  <  20  ng/mL) 
We  determined  from  the  questionnaires  that  a  total  of  91% 
wanted  to  stop  smoking  for  health  reasons  and  had  been 
advised  to  do  so  by  their  physicians.  When  asked  about  their 
current  state  of  health.  44%  responded  that  they  have  problems 
and  are  at  risk  for  some  disease.  38%  responded  that  they  have 
no  problems  but  are  ai  risk  for  some  disease,  15%  responded 
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COLOR  IT  BETTER 

The  BagEasy  Manual  Disposable  Resuscitator  is  unlike  other  resuscitators. 

It  has  a  different  look.  A  different  color  And  different  performance.  In  fact,  study  after  study  has  shown  that 

BagEasy  is  simply  the  best  performing  disposable  resuscitator  available. 

BagEasy  is  better  because  it  delivers  the  highest  FiOi  levels  overall  and  is  available  with  a  built-in 

adjustable  PEEP  valve.  Its  large  O2  reservoir  is  located  in  a  better  place  —  up  front.  And  BagEasys  big, 

pliant  bag  can  pump  up  to  1700 cc  of  100%  O2  per  stroke  .  . .  regardless  of  hand  size. 

BagEasy  is  part  of  a  Respironics  system  of  respiratory  support 
for  adults,  children  and  infants.  It's  a  comprehensive  system  designed  to  better  serve  your  patients. 

There's  much  more  we  want  you  to  know  about  BagEasy  and  the 
Respironics  family  of  fine  resuscitation  products.  So  call  us  now  at  800/345-6443. 
We'll  send  you  a  free  brochure  that  will  give  you  the  full  picture  ...  in  living  color 
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ColdSpor  has  hit  the  streets  and  is  rapidl>  becoming  the  high-level  disinfectant  of  choice  where 
efficacy  and  speed  are  critical.  After  all,  time  is  important  when  it  comes  to  patient  care. 
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•  MetriZyme.  a  unique,  fast  acting  liquid  cn/ymatic  detergent,  eftlciently  dissolves  organic 
solids.  MetriZyme's  thorough  cleaning  action  signitlcanth  reduces  the  amount  of  bioburden  left  on 
contaminated  instruments  and  equipment  prior  to  disinfection. 

•  ColdSpor  meets  the  guidelines  for  high-level  disinfection,  and.  when  used  according  to 
tiirections.  kills  all  vegetative  organisms  including  TB  in  just  10  minutes  at  room  temperature,  and 
makes  quick  work  of  HIV-I  in  a  mere  30  seconds* 
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disinfecting  team  on  the  market.  So  v\  hen  every  minute  counts,  count  on  ColdSpor  Ui  get  the  job  done  and  get  it  done  fast! 
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that  they  have  no  problems  and  are  at  no  risk,  and  3% 
responded  that  they  are  not  sure.  All  had  made  numerous 
attempts  to  quit  smoking  (mean  5.2  attempts).  Analysis  of 
serum  cotinine  and  end-expiratory  CO  levels  revealed  sig- 
nificant correlation  between  the  2  (r  =  0.454.  p  =  0.008).  The 
FNDT  scores  correlated  positively  with  number  of  years  of 
smoking  (r  =  0.376,  p  =  0.029).  The  study  demonstrated  that 
most  of  these  patients  with  CAD  are  aware  that  smoking  poses 
a  health  risk;  however.  56'"f  denied  that  the\  had  health  prob- 
lems, and  18%  did  not  consider  themselves  at  risk  for  any  dis- 
ease. These  patients  are  defined  as  heavily  addicted  by  criteria 
of  a  score  of  >  7  on  the  Fagerstrom  test  w  ith  >  25  cigarettes 
smoked/d.  Further  help  in  smoking  cessation  is  needed  for 
these  patients.  Cardiac  educators  and  rehabilitation  therapists 
should  educate  patients  that  they  have  a  significant  illness,  and 
that  their  prognosis  is  significantly  worsened  by  continued 
smoking.  We  conclude  that  these  patients  need  outside  inter- 
vention for  help  with  nicotine  addiction.  (OF-91-()27l 

The  Use  of  Respiratory  Biofeedback  in  Respiratory  Dis- 
ease— William  Shearouse  RRT.  Respiratory  .Associates  Inc. 
Wfsl  Palm  Beach.  Florida. 

Introduction:  1  sought  to  determine  whether  patients  suffering 
from  COPD  v\ould  benefit  from  respiratory  biofeedback 
(RFB).  RFB  is  accomplished  by  using  an  amplifier  that  feeds 
the  respiratory  rhythm  to  the  reticular  formation  found  in  the 
brain.  The  biofeedback  loop  starts  at  the  sensor  that  scans  the 
patient's  breathing  rh\thm.  The  sensor  is  connected  to  an 
amplifier  that  converts  the  electrical  impulses  into  acoustical 
and  visual  outputs.  These  outputs  are  transferred  to  the  patient 
by  a  headpiece,  which  is  made  up  of  an  eyeshield  with  lights 
and  stereo  earphones.  Outputs  increase  and  decrease  in  volume 
and  intensity  as  the  patient  inhales  and  exhales.  Method:  10 
patients  were  treated  using  the  RFb  5000  (RFB  Technologies, 
Boca  Raton  FL).  I  measured  O:  saturation  (SpO;)  via  a  Nellcor 
N-200  before,  during,  and  after  treatment.  Patients'  dyspnea 
scores  (ATS  Grade)  were  evaluated  before  and  after  therapy. 
The  patients  were  given  12  treatments,  each  lasting  30  min. 
Resuhs:  All  patients  had  improvements  in  both  their  O:  satura- 
tions and  their  ATS  dyspnea  scores.  Mean  (SD)  SpO:  was  90 
(2)  Tf.  increasing  to  95  (2)  '7c  post-therapy.  The  average  dysp- 
nea score  of  4.5  decreased  to  2.5.  One  patient  who  had  been 
confined  to  bed  for  3  mo  with  an  O:  saturation  of  88%  (on  4  L/ 
min  nasal  cannula!  increased  her  O:  saturation  to  96%  on  2  L/ 
min  nasal  cannula.  Since  her  therapy,  she  has  been  ambulatory 
with  portable  O:.  Conclusion:  The  intensity  of  dyspnea  is 
clearly  related  to  conscious  perception  of  the  effort  involved  in 
breathing.  Dyspnea  may  arise  from  the  inappropriate  rela- 
tionship between  the  force  of  contraction  of  respiratory  mus- 
cles and  the  volume  of  air  exchange.  It  is  my  belief  that  this 
modality  realigns  this  relationship  and  decreases  the  work  of 
breathing.  Further  studies  are  warranted.  (OF-91-055) 

Tracheostomy  Speaking  \alve  in  Pediatric  \  entilator- 
.Assisted  Patients — Ellie  Zuck  Tucker  AS  RRT.  Benita  Rog- 
ers CRTT.  Angela  Jerome  RN  MSN.  Gerald  L  Strope  MD. 


Children's  Hospital  of  The  King's  Daughters.  Norfolk.  Vir- 
^inia. 

The  Passy-Muir  Tracheostomy  Speaking  Valve  was  evaluated 
for  use  in  tracheotomized.  ventilator-assisted  pediatric  patients 
to  improve  quality  of  life  by  allowing  vocalization  without 
compromising  respiratory  status.  The  device  is  a  one-way 
valve  that  opens  on  inspiration,  allowing  gas  into  the  trachea 
and  inflating  the  lungs.  On  expiration  the  valve  closes,  redi- 
recting gas  through  the  vocal  cords  and  permiting  speech. 
Method:  6  tracheotomized,  ventilator-assisted  pediatric  pa- 
tients ages  15  mo-12  y  (58%  with  lung  disease,  42%  with  neu- 
romuscular disease)  on  either  the  LP-6  volume  ventilator  or 
Healthdyne  Infant  pressure  ventilator  were  evaluated  for  14 
consecutive  days.  The  device  was  adapted  to  their  trach- 
eostomy tubes  &  ventilator  circuits.  Sessions  began  with  base- 
line (pre-valve)  measurements  of  pulse  oximetry,  capnog- 
raphy.  heart  rate.  PIP.  PEEP,  and  respiratory  and  speech 
assessments.  Pressure  readings  were  recorded  between  the 
patient's  airway  and  speaking  valve  on  a  strip  chart.  Repeat 
measurements  were  made  immediately  following  placement  of 
the  valve  and  for  approximately  15  min  thereafter.  Results: 
Pulse  oximetry,  capnography.  heart  rate,  and  respiratory  rate 
were  near  baseline.  100%  of  patients  had  increased  clarity  and 
intensity  of  vocalization.  Nasal  flaring  was  absent,  and  color 
remained  pink.  Increased  accessory-muscle  use  on  expiration 
was  noted  in  patients  with  lung  disease.  4  of  6  patients 
required  intervention  before  the  end  of  15  minutes  because  of 
breath  stacking  or  increased  levels  of  PEEP.  Repositioning, 
distracting,  and  encouraging  vocalizations  alleviated  the  prob- 
lem in  most  instances.  2  of  6  patient  studies  were  discontinued 
on  Day  10  of  14.  1  due  to  viral  illness  and  1  secondary  to  a 
vagal  response  and/or  mucus  plug  mobilization.  Conclusion: 
Many  ventilator-assisted  patients  are  able  to  speak  without 
assistance  by  utilizing  the  air  leak  around  their  tracheostomy 
tubes  in  conjunction  with  ventilator  breaths.  Patients  with 
small  and/or  positional  leaks  or  neuromuscular  weakness  may 
be  unable  to  vocalize,  thus  any  method  to  improve  quality  of 
life  by  improving  the  ability  to  communicate  would  be  bene- 
ficial. The  Passy-Muir  Tracheostomy  Speaking  Valve  enhan- 
ced our  patients'  ability  to  vocalize;  however,  breath  stacking 
and  increased  levels  of  PEEP  warrant  that  the  valve  be  used  on 
a  case-by-case  basis  and  monitored  closely.  (OF-91-058) 

Outcome  of  a  3-Day  Comprehensive  Pulmonary  Reha- 
bilitation Program — Karen  S  Flanigan  MS  RRT.  Carl  D  Mot- 
tram  RPl-T  RRT.  Robert  W  Viggiano  MD.  Mayo  Clinic,  Roch- 
ester. Minnesota. 

Comprehensive  pulmonary  rehabilitation  programs  (PRPs) 
have  been  documented  to  benefit  patients  with  COPD.  Tradi- 
tionally. PRPs  are  6-12  weeks  in  length.  However,  to  address 
the  needs  of  patients  seen  at  a  regional  medical  center  who 
would  be  unable  to  attend  a  traditional  program,  a  3-day  PRP 
was  developed.  The  multidisciplinary  PRP  included  educa- 
tional sessions  on  lung  function  and  pathophysiology,  med- 
ications. O;  therapy,  activities  of  daily  living,  and  exercise  ses- 
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sions  with  emphasis  on  upper-extremity  resistance  training, 
breathing  techniques,  and  reconditioning  on  treadmill/bicycle 
ergometer.  Exercise  prescriptions  were  prosided:  .V7/wk  for 
20- .^0  min  at  deierniined  target  heart  rates  and  perceived  exer- 
tion of  "somewhat  hard"  (Borg  Scale  13).  Follow-up  inter- 
views were  utilized  to  determine  if  this  abbreviated  PRP 
improved  quality  of  life  and  rnoti\aled  compliance  with  the 
prescribed  exercise  program.  The  population  of  72  patients 
attended  the  PRP  6-16  months  prior  to  follow-up:  64  (88.99;) 
completed  the  telephone  survey  conducted  by  a  staff  member 
unknown  to  them.  Respondent  characteristics  were  23  women. 
41  men;  age  range  31-84  y.  avg  66.02  y;  FEV|  range  0.39-2.49 
Us.  avg  0.86  L/s:  FEV,%pred  l2-709r.  avg  28.98';!:,  48<7r 
reported  increased  self-confidence  in  their  ability  to  perform 
tasks  and  activities.  Based  on  responses  to  multiple  questions, 
81.3';^  initiated  an  exercise  program  and  33.1'*  were  exer- 
cising at  the  time  of  follow-up.  46';r  reported  an  increased  abil- 
ity to  perform  physical  activity.  The  initiation  and  continuation 
of  the  prescribed  exercise  program  suggests  a  high  degree  of 
patient  motivation.  9\.97c  felt  that  overall  the  PRP  was  ben- 
eficial. In  conclusion,  a  3-da_\  PRP  ma\  provide  significant 
hcncfils  to  a  referral  population.  (OF-91-154) 

Cardiopulmonary/C'ritical  Care  Equipment  and 
Technique  F^aluation 

Development  and  Evaluation  of  a  Bronchoscopy  A.ssist- 
anfs  Cart— Harold  B  W  innikc  B.S  CPFT  RCP  RRT.  Denise 
McElyea  CPU  RCP  CRTT.  Uni\ersity  of  Texas  Medical 
Branch.  Gahcslon.  Texas. 

With  coniplcic  remodeling  o[  our  hronchoscop\  suite  (includ- 
ing installation  of  a  fixed  C-arm  tluoroscopy  unit),  it  became 
necessary  to  devise  a  cart/workstation  for  the  bronchoscopy 
assistant  to  use  in  a  limited  workspace;  7  functions  were  iden- 
tified as  essential  in  the  design  of  the  cart;  ( 1 )  all  equipment 
needed  for  procedures  within  arm's  reach:  (2)  control  oi  (): 
and  medication  delivery;  (3)  control  of  airway  management 
and  bronchial  hygiene;  l4)  retrieval  and  fixation  of  specimens/ 
biopsies  for  diagnostic  evaluation:  (.3)  utili/alion  of  ceiling- 
mounted  compressed  gas.  \acuum.  and  electrical  lines;  (6) 
maneu\erabilily  in  a  limited  space:  and  (7)  capability  of  car- 
rying monitors  and  bronchoscope  light  source.  Methods:  .Xlier 
examining  various  carts  and  their  configurations,  an  Eastern 
Rail  Dual-.Sided  Traunui/ER  cart  was  purchased  for  use  as  the 
basic  unit  of  our  bronchoscopy  carl  Components  were  2  O; 
fiow nielers.  1  ;iir  fiowmeler.  2  vacuum  regulators  with  recep- 
tacles. 1  insiniincnl  lra\.  light,  and  different-sized  baskets  and 
compartmental  travs.  .\  compact  unit  capable  of  nonin\asive 
monitoring  of  blood  pressure.  ECG.  and  Sjo;.  was  purchased 
(Propaq  102  with  Oximeter  expansion.  Protocol  Systems)  and 
mounted  v^ith  a  single  swing-arm  mount  on  the  cart.  The  bron- 
choscope light  source  was  mounted  on  the  cart  in  a  fashion 
that  allows  the  light  guide  bundle  lo  pass  to  the  let!  of  the 
bronchoscopisl.  within  reach  for  operation  and  ad|ustmcnl. 
The  instrument  Iray  was  placed  at  a  le\el  to  allow  the  assisianl 
In  prepare  specimens  and  biopsies  w  lule  h.i\  mg  a  clear  \  lew  ol 


the  monitor.  O:  flowmeters,  and  vacuum  controls.  Evaluation 
of  the  system  was  based  on  the  7  functions  stated  above. 
Results:  Over  a  3-mo  period,  rearrangement  of  the  com- 
ponents enabled  us  lo  determine  the  most  effective  setup.  The 
monitor  was  moved  to  the  side  of  the  cart  away  from  the 
patient,  permiting  viewing  by  both  the  assistant  and  the  bron- 
choscopist.  An  extension  was  needed  for  the  oximeter  probe  to 
reach  the  patient.  The  ECG  cable,  oximeter-probe  cable,  and 
blood-pressure  cuff  tubing  were  grouped  together  and  attached 
to  a  rail  so  as  not  to  interfere  with  supplies  or  work  area.  Con- 
clusions: We  developed  a  cart  capable  of  carrving  all  items 
necessary  for  performing  bronchoscopy,  with  the  means  to 
control  the  airwav.  medication  delivery,  and  specimen 
retrieval.  This  can  has  worked  exceptionally  well  in  our  set- 
ting. We  ha\e  found  it  to  be  cost-effective  and  quite  useful  in 
our  limited  work  space.  We  believe  it  would  function  and  be 
cost-effective  in  any  hospital  performing  enough  procedures  to 
warrant  a  dedicated  bronchoscopy  suite.  lOF-91-026) 

Improvement    to    the    Deltatrac    Metabolic    Monitor — F 

Wayne  Johnson  RCP  RPIT.  K  Knaus  Kmninger  RCP  RPFT. 
Kathy  Jacobson  RCP  CCVT.  David  M  Bums  MD.  UC-San 
Diego  Medical  Center.  San  Diego.  California. 

Introduction:  [,ahoralor\  validation  of  Wo:  and  \co2  by  the 
Deltatrac  iDatcx  Instrumentation.  Helsinki.  Finland)  revealed  a 
sensitivity  to  Vj  when  \'i  >  I  L  were  used  in  respiratory  meas- 
urements. Further  investigation  revealed  that  the  Deltatrac's 
abilitv  lo  capture  total  M.  was  the  source  of  error  and  that  it 
occurred  only  with  moderate-to-high-peak  airway  pressures. 
We  postulated  that  this  phenomenon  was  a  design  limitation 
due  to  patient  gas  escaping  from  the  tlow-generator  inlet  dur- 
ing large,  torceful  expirations.  To  test  our  hvpolhesis  we  ran 
the  Deltalr;ic  (using  manufacturer-recommended  setup)  in  par- 
allel lesis.  with  and  wiihoui  an  extension  (canopy  tube) 
attached  lo  the  How -generator  inlet.  Method:  N:  and  CO; 
were  infused  into  a  constructed  lung  model  at  known  rates  to 
simulate  Vq,  and  Vco:.  The  infusion  of  N:  and  CO;  was  kept 
constant  using  a  series  of  precision  tlowmeters  (Gilmont, 
Great  Neck  NY).  Independent  Fio;  measurements  for  cal- 
culating predicted  Vi);  were  made  with  a  1  lOOa  mass  spectrom- 
eter (Pcrkm-lilmer.  Pasadena  CA).  .Accuracv  of  the  tlow  con- 
troller svsteni  was  verified  volumetrically  before  and  after 
each  trial  by  water-sealed  spirometer  (Godart.  Bilthoven.  The 
Netherlands).  Mechanical  ventilation  of  the  lung  model  was 
controlled  by  a  7200a  ventilator  with  bacterial  filter,  non- 
disposable  circuit.  Cascade  I  w ith  tower,  and  7205  external  air/ 
O;  blender  (Puritan-Bennett.  Carlsbad  CA).  The  7200  ven- 
tilator was  set  at  CMV  f  10;  V,  750.  1000.  12.30  niL;  V60  L/ 
min;  square-wave  tlow  pattern;  humidification  of  inspired 
gases  (35°C).  Predicted  Vo;  and  Vco;  (3(H)  niL/min)  were 
measured  for  combinations  of  \fe  (7.5.  10,  12.5  L/min)  and  PIP 
(40.  53.  67  cm  H;0)  with  Fd(1;  (0.21,  0.40.  0.60.  0.80).  Each 
of  the  trial  runs  (25  min)  was  followed  by  a  trial  run  (25  min) 
wiih  canopv  tube  attached  lo  the  How -generator  inlet.  .Mean 
error  ol  measureniem  was  calculated  as  measured-predicted 
and  evpresscd  as  pcicenuige  of  prediclcd  value.  Results:  Tesi 
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results  for  the  Deltatrac  setup  without  canopy  tube  attached 
had  mean  errors  ot"  Vo:  -4.09'f,  -\2.5Vc.  -20.8%;  and  Vco:  -\.5%. 
-9.0%.  -17.1%  at  V,  750.  1000,  1250  mL,  respectively.  The 
Deltatrac  with  the  canopy  tube  attached  to  the  flow-generator 
inlet  had  mean  errors  ol  Vo,  -1.6%.  -2.5%.  -5.4%;  Vco:  0.3%, 
1.0%,  -0.5%  at  Vt  750,  lOOO,  1250  ml.,  respectively.  Expe- 
rience: The  How  generator  maintains  a  constant  How  of  40  U 
min.  expiratory  flowrates  exceeding  this  level  (as  generated  by 
high  Vt  in  this  model  I  will  cause  expiratory  gas  to  flow  back- 
wards towards  the  How-generator  inlet.  An  air  capacitor  cap- 
tures this  backwards  flow  when  V,  <  1  L,  allowing  the  flow 
generator  to  draw  in  the  captured  gas  when  the  expiratory 
flowratc  drops  below  40  L/min.  Kxtending  the  air  capacitor  by 
attaching  the  canopy  tube  to  the  Hou -generator  inlet  facilitates 
capturing  larger  V|  and  is  a  logical  choice  for  increasing  the 
range  of  V|  thai  can  he  measured  accurately.  Conclusions: 
Our  tests  with  and  without  canopy  tube  attachment  confirmed 
our  hypothesis.  We  suggest  Deltatrac  performance  can  be 
improved  at  Vr  >  I  L  by  attaching  the  canopy  lube  to  the  flow- 
generator  inlet.  (OF-91-097) 

Nalidatlon  of  T«o  Metabolic  Monitors  for  I'se  in  Mechan- 
ically \  entilated  ralients— F  \Va\ne  Johnson  RCP  RPfT^.  K 
Knaus  Kinnmger  RCP  RPFT.  Kathy  Jacobson  RCP  CCVT, 
David  M  Burns  MD.  UC-San  Diego  Medical  Center.  San 
Diei;t>.  California. 

introduction:  The  accurate  measurement  of  Vb;  and  Vco:  uti- 
lizing expired  gas  has  remained  clinically  desirable  but  tech- 
nically elusive  for  critically  ill  patients  on  mechanical  ventila- 
tion. We  validated  2  metabolic  monitors:  the  P-B  7250 
(Puritan-Bennett.  Carlsbad  C.-^).  a  new  open-circuit  production 
prototype,  and  the  Deltatrac  (Datex,  Helsinki,  Finland)  in 
laboratory  simulations  to  examine  whether  changes  in  PEEP. 
F|o:.  \t.  and  Vj  influence  the  accurate  measurement  of  Vo: 
and  Vc()i.  Method:  N:  and  CO;  were  infused  at  known  rates 
using  precision  flowmeters  to  simulate  Vo:  (<  500  niL/min) 
and  Vco2  inlo  a  constructed  lung  model.  Accuracy  of  the  flow- 
controller  system  was  verified  volumetrically  pre-  and  post- 
trial.  Independent  measurements  of  Fio:  for  calculation  of  pre- 
dicted V();  were  made  with  a  1  lOOa  mass  spectrometer  (Perkin- 
Elmer,  Pasadena  CA)  at  the  ventilator  humidifier's  distal  out- 
let. The  lung  model  was  mechanically  ventilated  by  a  7200a 
\cniilainr  with  bacterial  filter,  nondisposable  circuit.  Cascade  I 
with  tower  (Puritan-Bennelt,  Carlsbad  C.\)  using  a  wall  air/O: 
gas  source.  Measurements  of  V'o;  and  Vco;  (predicted  le\el  iif 
300  ml. /mm.  STPD)  were  made  with  huniidificalion  of 
inspired  gases  at  35°C  for  experimental  conditions  of  Fio:-  \  t. 
PEEP,  and  M-;  at  PIP  ( 13  to  60  cm  H:0),  V60  L/min,  and  on 
CM\'-  Results:  Mean  error  of  measurement  was  calculated  as 
measured-prcdicled  and  expressed  as  percentage  of  the  pre- 
dicted \akie. 
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w  ith  F|(): 

Vo:           Vco:          Vo:           \o 

0.21 
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Conclusion:  Both  systems  appear  to  pro\ide  stable,  reliable, 
and  accurate  measurement  of  Vq:  and  Vco:  over  range  of  Fio: 
up  to  0.60.  The  Deltatrac  manifested  reduced  accuracy  for 
measurements  of  Vo;  at  settings  of  \j  I  L.  M-;  >  15  L/min. 
Fio:  >  0.60.  and  PEEP  20  cm  H:0.  Measurement  of  Vo;  with 
the  7250  at  these  settings  was  accurate.  (OF-91-098) 

A  Simple  Method  for  Pro\idins  a  Stable  Fio:  for  Metabolic 
Measurements  during  Mechanical  \  entilation — F  Wayne 
Johnson  RCP  RPFT,  Nancy  Thurman  Tendal  BS  RCP  RRT. 
John  Newhart  RCP  CRTT.  UC-San  Diego  Medical  Center, 
San  Die^o.  California. 

Introduction:  The  accurate  measurement  of  Fio;  is  essential 
in  the  measurement  of  oxygen  consumption  (Vo;)  by  indirect 
calorimetry.  Reported  problems  associated  w ith  the  delivery  of 
a  constant  Fio:  with  mechanical  ventilators  have  been  man- 
ifested as  inaccuracies  of  Vo;  measurements  with  portable 
metabolic  monitors.  The  use  of  an  external  air-oxygen  blender 
has  been  recommended  as  a  method  for  pro\iding  a  stable  Fio: 
for  metabolic  measurements  (Crit  Care  Med  1982:10:82).  Our 
study  describes  and  demonstrates  a  simple  alternative  method 
for  the  deli\er\  of  a  stable  F:o;  during  mechanical  ventilation. 
Methods  &  Materials:  In  the  laboratory,  we  conducted  par- 
allel experiments  with  a  7200a  ventilator  (Puritan-Bennett 
Corp.  Carlsbad  C.\)  connected  to  a  TTL  lung  model  (Michigan 
Instruments  Inc.  Grand  Rapids  Mil.  Measurements  of  oxygen 
concentration  were  obtained  from  the  distal  outlet  of  the 
humidifier  using  a  I  lOOa  mass  spectrometer  (Perkin-Elmer, 
Pasadena  CA):  analog  oxygen  waveforms  were  sampled  at  200 
11/  bv  a  computer-operated  data  acquisition  system  (COD.\S) 
(Data  Instruments.  .Akron  OH)  digitized  and  stored  on  a  386- 
33  microcomputer  (AST  Research.  Irvine  CA).  In  Method  I. 
we  used  the  7200a  with  wall  air-oxygen  gas  source,  bacterial 
filter,  nondisposable  circuit,  and  Cascade  1  humidifier  with  a 
tower.  With  Method  11.  an  additional  dry  Cascade  I  with  a 
tower  was  added  to  the  inspiratory  limb  of  the  72()()a  circuit. 
distal  111  ihe  bacterial  filter  and  proximal  to  the  "wet"  Ca.scade 
1.  In  NUiliod  III.  the  72()Oa  with  standard  ventilator  circuit  was 
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set  up  with  air-oxygen  inlets  boih  connected  to  an  external 
blender  by  using  a  Y  connector  to  high  pressure  hoses,  with 
the  percent-oxygen  selector  at  \arying  percentages.  All  iiriIi 
ods  were  tested  with  the  7200a  in  CMV;  square  and  ramp 
wave:  Vj  1000  niL;  f  10:  V40.  60.  80  L/niin:  and  at  F-|o:  set- 
tings of  0.40.  0.60.  and  0.80.  Results:  Method  1  showed  the 
largest  overall  tluctuation  with  an  Fioi  difference  of  0  to  0.005 
(0.5%).  Method  II  had  an  overall  fluctuation  in  inspiratory  gas 
with  Fio;  difference  of  0  to  0.002  (0.2'* ).  Method  III  had  an 
o\erall  fluctuation  in  inspiratory  gas  with  an  F-io;  difference  of 
0  to  0.001  (O.IQ  I.  Experience:  The  0.002  (0.2";*-)  nuclualioii 
in  Fio:  stability  noted  with  the  additional  in-line  Cascade 
would  result  in  an  error  of  measured  S'o:  of  0''i  to  0.7'f  in  the 
clinical  setting  where  F|();s  are  typically  0.30-0.60  and  Vo;S 
are  150-450  mL/min.  Conclusion:  This  study  suggests  that  the 
use  of  an  additional  "dry"  Cascade  humidifier  is  a  simple  and 
effective  alternative  to  an  external  blender.  Further  investiga- 
tion is  needed  to  test  this  method  and  its  effectiveness  in  other 
ventilator  and  humidifier  systems  as  a  way  of  controlling  Fio: 
stability.  (OF-9I- 102) 

Ventilator)  Drive  and  Muscle  Performance  durin;;  Recov- 
ery from  .\cute  V  entilatory  Failure — Cecil  Borcl  MD.  Patri- 
cia Bates  RRT.  Jeanne  Teitelbaum  MD.  Johns  Hopkins  Med- 
ical Institutions.  Balliinore.  Man/aiiil. 

Acute  ventilatory  failure  (AVF)  in  myasthenia  gravis  (MG) 
and  Guillain-Barre  (GB)  syndrome  is  the  result  of  ventilatory 
muscle  weakness.  We  investigated  patients  with  failure  to 
wean  (FTW)  from  mechanical  ventilation  during  acute  GB  or 
MG  as  a  model  of  the  role  of  ventilatory  muscle  weakness  in 
weaning  from  mechanical  ventilation:  3  patients  (2  GB,  1  MG) 
were  enrolled  in  this  study.  .Ml  FTW  occurred  on  the  Puritan- 
Bennett  7200a  ventilator  using  low  IMV  and  pressure  support 
or  total  pressure  support.  We  monitored  ventilatory  mechanics 
during  T-piece  trials  using  the  MedGraphics  Critical  Care 
Management-Respiratory  Pressures  Module  (CCM-RPM)  Sys- 
tem and  a  low-flow  (\alveless|  system.  Trial  duration  was 
determined  by  patient  complaints  of  tiredness  (failure)  or  after 
a  predetermined  duration  set  by  the  investigators  (success). 
Mean  (SDl  diaphragmatic  strength,  as  measured  by  Pdimjv.  was 
initially  poor  ( 12  |5|  cm  H:0)  but  unproved  significantly  with 
recovery  (27  [3|  cm  H;0).  p  <  0.05.  Ventilatory  drive,  as 
measured  by  Pioo,  also  increased  significantly  during  failing 
trials  (3.7  to  5.2  cm  H:0/s.  p  <  0.001 )  but  was  unchanged  in 
successful  trials.  End-tidal  CO;  (PeiCO;)  increased  during  fail- 
ing trials  (40  to  43  torr,  p  <  0.01)  but  was  unchanged  in  suc- 
cessful trials.  The  ventilatory  response  to  CO:,  as  measured  by 
the  slope  of  PifKi/PetCO;,  revealed  an  exaggerated  mean  (SD) 
response  to  CO:  (0.8  [0.1]  cm  H:0/torr.  normal  0.4-0.8).  The 
mean  (SD)  slope  of  minute  ventilation  response  to  CO2 
remained  depressed  (0.6  [0.2]  L/min/torr.  normal  2-4).  Minute 
ventilation  measured  at  the  end  of  CO:  rebreathing  showed  the 
strongest  correlation  with  recovery  (r  =  0.83,  p  <  0.0002). 
These  results  suggest  that  patients  with  ventilatory  muscle 
weakness  are  capable  of  increasing  ventilatory  drive  but  not 
the  minute  ventilatory  response  during  AVF.  Recovery  from 


FTW  may  be  predicted  by  Pj,„uy  or  the  CO:-siimu!alL'd  minute 
ventilation.  (OF-91-168) 

Ventilatory  Drive  Assessment  I'sinf;  Inhaled  COi — Sharon 
Da>  RRT.  Neil  R  Maclntyic  .\1D.  W  Bcii  \cmon  MD,  Sherry 
Whitfield  RRT.  Duke  University  Medical  Center.  Diirhtim. 
Norlli  Cciroliiia. 

Introduction:  One  criterion  used  to  determine  the  presence  of 
hiain-stcni  function  is  assessment  of  the  ventilatory  drive 
response  to  acute  elevations  in  Pco:  >  60  torr.  To  achieve  this 
increase  in  PcO:-  ventilatory  support  is  usually  interrupted  for 
6-10  min.  Because  of  this  prolonged  apneic  period,  hspoxemia 
can  be  a  consequence  of  this  maneuver.  We  reasoned  that  a  gas 
mixture  of  10%  CO:  and  90%  O:  could  be  used  to  rapidly  raise 
Pco:  in  order  to  assess  ventilatory  drive  while  preserving  ade- 
quate oxygenation.  Method:  Patients  who  needed  evaluation 
of  brain-stem  function  were  studied,  w  ith  a  capnograph  and  an 
oximeter  used  to  monitor  the  patients  and  to  establish  baseline 
levels.  After  baseline  blood  gases  were  drawn,  the  patients 
were  manually  ventilated  with  a  10%  CO:-90%  O:  mixture 
until  the  capnograph  stabilized  at  an  exhaled  CO:  of  >  60  torr. 
Manual  ventilation  was  stopped  and  the  patient  and  cap- 
nograph were  observed  for  signs  of  ventilatory  effort  for  a 
maximum  of  2  min.  The  SpO:  was  monitored  w  ith  an  oximeter 
so  the  procedure  could  be  terminated  if  SpO:  fell  below  85%. 
Following  the  observation  segment,  arterial  blood  gases  were 
drawn  and  the  patients  placed  back  on  mechanical  ventilation. 
Results:  14  patients  were  assessed:  mean  (SD)  data  are  sum- 
marized below. 

Pretest  Petco:  38.5  (7.9)  torr 

Posttest  PeicO;  67.4  (7.6)  torr 

SpO:  at  end  of  test  343  (112)  ton 

Time  for  entire  procedure  2.7  (1.3)  min 
Number  of  patients  not 

responding  to  elevated  Pco:  13 

Conclusion:  Ventilation  with  10%  CO:-90%  O:  is  a  safe,  effi- 
cient way  to  rapidly  raise  CO2  levels  and  maintain  SpO:  during 
assessment  of  ventilatory  drive  for  evaluation  of  brain-stem 
function.  The  Pco:  can  rise  above  60  torr  in  less  than  2  min. 
and  adequate  levels  of  oxygenation  can  be  maintained  through- 
out the  test.  (OF-9 1-066) 

The  Physiologic  Response  to  Chest  Physical  Therapy 
(CPT)  in  the  Critically  III— Marcia  S  Kemper  BA  CRTT, 
Charles  Weissman  MD,  Allen  1  Hyman  MD.  Columbia  Uni- 
versity, New  York.  New  York. 

Introduction:  CPT  causes  sudden  alterations  in  pulmonary 
and  cardiovascular  function.  We  studied  how  increased  O; 
needs  are  met  during  CPT  in  critically  ill  \entilator-dependent 
surgical  patients  (pts).  Methods:  30  studies  were  performed  on 
25  pts  with  radial  (RA)  and  pulmonary  (PA)  artery  catheters. 
The  Deltatrac  metabolic  cart  was  u.sed  to  determine  Vo:,  Vco:, 
and  H-;:  the  cart  was  validated  and  calibrated  with  precise  gas 
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and  inicrtaLc'd  uith  ihc  xciUilaUir  per  nuinut'acturer's  guide- 
lines. Simultaneous  samples  were  drawn  from  the  PA  and  RA 
for  ABC)  and  SjO:  analysis  and  malehed  with  the  eor- 
responding  metabolic  and  hemodynamic  values  for  that  min- 
ute. They  were  drawn  (1)  while  resting.  (2)  immediately  after 
CPT.  and  (3)  on  return  to  resting.  E.xtraction  ratio  (ER)  =  (CaO: 
-C-v02)/CaO:-  Delivered  O:;  Do;  =  Vo^/ER.  SVR  =  systemic 
vascular  resistance;  CO.  =  cardiac  output;  SV  =  stroke  vol- 
ume. SBP  =  systolic  blood  pressure,  and  DBP  =  diastolic 
blood  pressure.  Results:  Results  arc  mean  (SD). 
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194(47) 

37.6  (4.7) 

9.4(3.1) 

955  (278) 

ER 

HR 

CO 

D(): 

sv 

SBP/DBP 

(bpm) 

(Uniin) 

(mL/min) 

(nilJbcal) 

dorr) 

0.24  (0.05) 

97(16) 

7.2(2.5) 

990(338) 

73(23) 

134(251/68(14) 

0.32  (0.07)' 

106(151' 

8.1  (2.5)' 

1122(375)- 

77  (28) 

156(31)/77(I6)- 

0.24  (0.03) 

97(15) 

7.0(1.4) 

975(219) 

71 (10) 

127(251/64(12) 

'Significance;  1  vs  2.  p<()()5. 

Conclusion:  During  CPT,  increased  O:  needs  were  accom- 
plished bv  multiple  systems.  Increased  Voj  was  met  mainly  by 
extraction,  with  only  small  increases  in  deli\er\.  The  small 
increase  in  CO.  was  due  mainly  to  increased  HR.  not  SV.  Vfe 
increased,  preserving  PaOj.  but  was  insufficient  to  prevent 
changes  in  PaCO:.  SVR  changed  little,  implying  an  e.xercise- 
likc  response.  We  belie\e  that  CPT  adds  stress  to  an  already 
stres.sed  system.  Others  have  reported  cardiac  ischemia  in 
some  patients  during  CPT.  Reducing  respiratory  work  during 
CPT  may  be  possible  by  mechanically  increasing  \fe.  (OF-91- 
075) 

Inspiratory  Worti  and  Performance  Characteristics  of  4 
Methods  of  Inspiratory  Threshold  Loading — Michael  S 
Benson  BS  RRT.  Mikio  Abe  MD.  Leonard  D  Hudson  MD. 
David  J  Pierson  .MD.  Harborview  Medical  Center,  Sccinlc. 
\Vashini;ton. 


PEEP  device  (lOWBD).  a  10  cm  H:0  spring-loaded  PEEP 
device  ( lOSLD).  and  a  spring-loaded  inspiratory  muscle  trainer 
(llealthScan  Products  Inc).  The  spring-loaded  PEEP  device 
and  the  inspiratory  muscle  trainer  (IMT)  were  tested  at  the  20 
cm  H:0  level.  The  weighted-ball  device  and  water  column 
would  not  perform  at  20  cm  H:0  due  to  turbulence.  Each 
device  was  inserted  and  placed  at  the  inspiratory  outlet  of  the 
CPAP  ventilator.  Volume,  circuit  pressure,  lung  pressure,  and 
flow  were  recorded  as  the  ventilator  cycled.  3  separate  SLD 
and  IMT  devices  were  tested  to  observe  for  variation.  PIP  and 
MIP  were  calculated  from  test-lung  pressure  tracings.  Inspir- 
atory work  of  breathing  was  calculated  using  area  measure- 
ments of  pressure-volume  curves  (Respiratory  Muscle  Energet- 
ics/Handbook of  Physiology,  American  Physiological  Society 
1986:4SI-.S09i.  Results: 


Device 

Inspiralorv  Work 
kg    m/min  (SDl 

PIP 
cm  HjOlSDl 

MIP 

cm  H:OiSD) 

Vl 
mL(SD) 

10  WD* 

0.971 

■20.0 

-10  6 

456 

lOWBD' 

-21.3 

-14.7 

515 

lOSLDt 

0.725  (0.089) 

-13.8(0.7) 

-8.1  (0.5) 

480  (8) 

20  SLDt 

1.73.1(0.137) 

-28.1  (1.7) 

-17.9(1.3) 

501  (25) 

lOIMTt 

0.858  (0.054) 

-13.3(0.6) 

-  8.8  (0.6) 

531  (6) 

20  [MTt 

1.524(0.038) 

-22.1  (0.8) 

-14.4(0.6) 

560(34) 

'Single  nieasurcmen(  made. 
^Threc  measurements  made. 


WD  functioned  well  at  10  cm  HiO  but  would  not  be  practical 
for  ventilator  use.  WBD  did  not  function  well  in  a  circuit  due 
to  turbulence.  The  SLD  and  the  IMT  functioned  well  as  ITL 
devices  by  providing  a  consistent  le\el  of  inspiratory  work. 
The  SLD  showed  some  intraproduct  variability.  At  20  cm 
H:0,  pressure  level  markings  on  the  IMT  o\erestimate  the 
mean  inspiratory  threshhold  pressure.  Conclusions:  We  con- 
clude that  the  SLD  and  the  IMT  devices  are  practical  to  use  for 
ITL  in  a  ventilator  circuit.  (OF-9I-I62) 

Pentamidine,  Riha>irin.  and  Surfactant  .\erosols: 
Systems  and  Technique.s 


Introduction:  Inspiratory  threshold  loading  (ITL)  is  a  tech- 
nique used  lo  strengthen  respiratory  muscles  and  evaluate  their 
endurance.  Measurements  using  ITL  may  be  important  in  pre- 
dicting weaning  success.  Current  ITL  devices  employ  a  mouth- 
piece and  are  not  designed  for  intubated/ventilated  patients. 
Methods  &  Materials:  We  adapted  4  ITL  devices  for  use  in  a 
\cntilator  circuit,  and  c\aluatcd  relative  work  and  performance 
using  a  spontaneous  breathing  model  (SBM)  (Chest  1989; 
96:564-571).  Work  and  performance  were  measured  with  a 
computer-generated  graphics  program  (Leonardo,  Hamilton 
Medical  Inc).  The  SBM  was  attached  lo  a  Hamilton  Veolar 
Ventilator  in  CPAP  mode.  Spontaneous  ventilation  was 
adjusted  to  maintain  a  mean  (SD)  Vr  of  500  (508  137])  mL,  f 
L5/min.  and  an  I-E  ratio  of  1:3.  Test  lung  compliance  was  set 
at  40  mL/cm  H:0.  ITL  devices  tested  were  a  10  cm  H:0  water 
column  PEEP  device  (lOWD).  a   10  cm  H:0  weighted-ball 


.Vcrosolizcd  Pentamidine:  Prophylaxis  against  Pneumo- 
cyslis  carinii  Pneumonia  (PCP)  Is  Well  Tolerated  in  Chil- 
dren «ilh  AIDS— Theresa  A  Orcult  AA  RRT,  Cynthia  R 
Uoduin  BA  KRT.  Philip  A  Pi//o  MD.  Frederick  P  Ognibene 
MD.  National  Institutes  of  Hc;illh.  Helhc\da.  ManUiiuL 

Introduction:  The  purpose  oi  this  study  was  to  delernune 
whether  children  with  .MDS  could  tolerate  aerosolized  pen- 
tamidine (.XPl  using  the  regimen  recommended  for  adults  with 
AIDS,  and  to  determine  what  adjustments,  if  any.  would  be 
necessary  for  this  patient  population.  Methods:  Pediatric 
patients  were  eligible  for  ,\P  if  they  had  either  CD-4  counts  < 
500  cells/mm'  or  a  documented  sulfa  intolerance.  Children  had 
heart  rate  (HR),  respiratory  rate  (RO,  breath  sounds  (BS).  and 
oxygen  saturation  (OS)  assessed  prior  to,  during,  and  after 
therapy.  Pentamidine  (300  me  in  6  niL  of  sierile  H:0)  was 
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administered  via  a  Respirgard  II  nebulizer  on  a  nionlhly  sched- 
ule. Aerosolized  bronchodilaiors  were  given  as  pretreatment  to 
L'tiildren  who  had  a  history  of  bronchospasm  and  to  those  chil- 
dren who  developed  bronchspasni  during  therapy.  Results; 
Over  a  16-mo  period  (8/89  to  \2/W).  20  patients  recened  a 
total  ot  128  treatments  (average  6.4  treatments/patient;  range 
1-12  treatments).  Age  ranged  from  .i  to  18  y  (mean  10.5  y);  14 
of  these  patients  were  <  13  y.  All  patients  had  CD-4  counts  < 
500  cells/mm'  (mean  136.5  cells/mm').  Treatment  duration 
ranged  from  15  to  90  min  (mean  31.8  min).  OS  ranged  from 
46-100%  during  and  after  therapy.  AP  treatments  were  toler- 
ated by  all  patients.  During  therapy.  HR,  Rf.  and  B.S  did  not 
change  significantly.  4  of  the  20  patients  required  broncho- 
dilators  as  pretreatment  to  thcrapv.  15  patients  experienced 
short  episodes  of  coughmg,  which  were  relieved  b>  taking  sips 
of  liquid;  13  complained  oi  a  bitter  or  bad  taste,  and  5  had 
complaints  of  a  burning  sensation  in  the  back  of  the  throat. 
During  this  limited  follow-up  (mean  time  6.4  mo),  none  of  the 
20  patients  developed  PCP  while  on  AP  prophylaxis.  Conclu- 
sion: .AP  was  tolerated  well  by  the  pediatric  patients  in  this 
studs.  The  major  side  effect  was  coughing;  however,  it  was 
relieved  with  sips  of  liquid.  Bronchospasm,  which  occurred  in 
20'-;  of  the  patients,  was  reversible  with  bronchodilators. 
Although  efficacy  was  not  formally  studied,  no  patients  devel- 
oped PCP  during  the  6.4  mo  follow-up.  Because  AP  pro- 
phylaxis is  tolerated  so  well,  efficacy  studies  against  PCP  in 
children  .seem  warranted.  (OF-91-018) 

Pentamidine  Deposition  with  a  Modified  Respirgard  Neb- 
ulizer— Bob  Demers  BS  RRT.  Baystate  Medical  Center, 
5/>/7/i,t;/?t'W.  MassacliKsetls;  Gerald  Smaldone  MD  PhD. 
SUNY-Stony  Brook.  Sumy  Brook.  New  York. 

We  use  a  Marquest  Respirgard  nebulizer  that  has  been  inter- 
faced to  a  Vital  Signs  CPAP  Mask  to  administer  aerosolized 
pentamidine  in  order  to  scavenge  all  droplet  nuclei  or  aerosol 
driiplets  that  nught  be  exhaled  or  coughed  out  by  patients.  Sev- 
eral clinicians  have  challenged  us  to  verify  that  drug  deposi- 
tion is  not  adversely  affected  by  modifying  the  nebulizer's  con- 
\entional  configuration.  A  method  previously  described  (Am 
Rev  Respir  Dis  199l;143;727-737)  was  used;  radioactive- 
tagged  pentamidine  was  administered  to  a  test  subject  using 
the  conventional  and  the  modified  Respirgard.  Tidal  (TV)  and 
minute  ventilation  (MV)  were  measured  (LS-75.  Bourns  Med- 
ical Systems.  Riverside  CA).  while  total  and  regional  drug 
deposition  (correlated  with  radioactivity)  was  quantified  with  a 
scintillation  camera  (Dyna  Camera®,  Picker  Corp,  Northford 
CT).  During  pentamidine  administration  with  the  unmodified 
Respirgard.  MV  averaged  5.71  L  and  cumulative  radioactivity 
was  11.193  counts.  During  drug  delivery  with  the  modified 
nebulizer.  MV  averaged  8.69  L  and  cumulative  net  radio- 
activity was  21.559  counts.  Differential  deposition  of  drug  was 
identical.  Thus,  pentamidine  delivery  via  the  modified  appa- 
ratus was  associated  with  a  moderate  (52%)  increase  in  MV 
and  a  substantial  (93%)  increase  in  drug  deposition.  In  sum- 
mary, interfacing  a  Vital  Signs  CPAP  Mask  to  a  Marquest  Res- 
pirgard was  associated  with  an  appreciable  enhancement  of 


drug  deposition  in  a  single  heallh\  \oliiiUcer  under  the  pre- 
\ailing  conditions.  (OI--91-167) 

Kiha\irin  Delivery  to  Non-\  entilaled  Patients — Evan  Stein- 
berg MD.  John  C'ctaralt  BS  RR I .  Kaiser  Pcrmanente,  Lo.v 
.■\iif>t'le.s.  California. 

Ribavirin  admmistralion  to  pediatric  patients  <  3  y  of  age  with 
severe  RSV  pneumonia  has  resulted  in  major  concerns  in 
terms  of  exposure  and  health  risks  (eg,  teratogenicity).  We 
sought  to  lower  the  exposure  level  to  that  established  as  safe 
by  the  EPA  (<  2.7  wg/m').  With  a  prototype  vacuum  system, 
we  conducted  a  3-part  study  of  a  combination  double- 
chambered  hood/tent  for  administration  of  riba\irin  to  non- 
ventilated  patients.  Part  1  was  control — ribavirin  to  a  hood 
within  an  O:  canopy  tent.  In  Part  2.  a  high-fiow  vacuum 
exhaust  system  was  added.  During  Part  3.  we  employed  the 
mist  generator  of  the  canopy  tent  from  the  second  study  to  sat- 
urate the  environment  of  the  tent  external  to  the  hood  so  as  not 
to  decrease  efficacy  of  the  ribavirin.  Air  samples  were  taken 
from  3  points;  nearest,  midpoint,  and  fartherest  from  source, 
for  5-(i  h  each.  Sample  filters  were  assigned  random  numbers 
and  sent  for  analysis.  Time-weighted  averages  indicated  a  high 
exposure  level  for  Part  1  (123.0  i(g/m');  Part  2  20.7  »g/m' 
(83.2%  reduction):  Part  3  <  2.13  dg/m' — an  89.7%  reduction 
from  Part  2.  and  98.7%  decrease  from  Part  I.  The  end  result  is 
>  21.1%  below  the  safe  standard.  We  recommend  that  ribavi- 
rin administration  to  nonventilated  patients  incorporate  a  dou- 
ble-chambered hood/0:  canopy  tent,  a  high-flow  vacuum 
exhaust,  and  a  high-output  mist  generator.  (OF-91-095) 

PEFR  as  an  Early  Indicator  of  Filter  Occlusion  due  to  Sur- 
factant Aerosol  Therapy — Carl  F  Haas  MLS  RRT.  Linda  M 
Folk  RRT.  John  G  Weg  MD.  University  of  Michigan  Medical 
Center.  Ann  Arbor.  Michigan:  David  S  Zaccardelli  PharmD. 
Burroughs-Wellcome  Co.  Rcsearcli  Triangle  Park.  North  Car- 
olina. 

Introduction;  Dense  aerosols  such  as  artificial  surfactant  may 
pose  risk  for  obstruction  to  ventilators  using  expiratory  filters 
to  protect  sensors.  Hypothesis:  PEFR  is  an  earlier  indicator  of 
filter  occlusion  than  either  baseline  pressure  (B-P)  or  PIP  when 
aerosolizing  artificial  surfactant.  Method;  4  new  Star  bacterial 
filters  were  studied  with  continuous  nebulization  of  artificial 
suriactant  (Exosurt®).  Predcteniuned  endpoints  were  defined 
as  (I )  PIP  of  100  cm  H:0  or  (2)  filter  membrane  rupture.  All  4 
filters  were  studied  to  an  endpoint;  2  were  studied  during  4 
hours  of  nebulization.  autoclaved.  and  run  to  endpoint.  A  Vor- 
tran  Intermittent  Signal  Activated  Nebulizer  was  placed  in  par- 
allel with  a  Puritan-Bennett  (PB)  7200a  ventilator.  The  ven- 
tilator and  nebulizer  were  each  set  to  deliver  50%  of  the  Vt 
and  flow,  so  that  the  total  delivered  Vj  =  1.0  L.  flow  =  80  L/ 
min.  f  =  20.  and  PEEP  =  10  cm  H:0.  The  lung  model  was  3 
rubber,  foam-lined  test  lungs  connected  in  parallel.  A  Star  bac- 
terial filter  was  connected  in  series  proximal  to  the  PB  expir- 
atory filter.  Pressure  at  the  proximal  filter  inlet  (PI )  and  outlet 
(P2)  were  continually  recorded.   Expiratory  flow  was  mon- 
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1      Nurture  a  drive  to 
9   constantly  be  better 

We  started  out  competing  against 
other  peak  flow  meters.  Now  that  we're 
the  leader,  we  compete  against  our- 
selves. In  the  last  two  years  alone,  we've 
made  more  than  10  separate  product 
improvements... with  more  still 
on  the  drawing  boards. 

2     Develop  a  patented  design 
•  ASSESS"  and  ASSESS  Low  Range 
use  a  unique  flow-sampling  technology 
that  minimizes  wear  and  delivers  superior 
accuracy,  reproducibility,  and  consistency. 
How  consistent?  After  two  years  of  simu- 
lated daily  use,  a  recent  independent 
research  study  found  no  more  than 
I'^o  variabUity.' 

Engineer  it  without 
9  compromise 

Everything  about  ASSESS 
from  its  easy-to-use 
design... to  its  easy-to-read 
scale... to  its  transparent 
construction  that 
encourages  regular 
cleaning... to  its 
virtually  indestructible 
polycarbonate  body  —  is 
designed  to  make  it  work 
better  and  last  longer. 

Test  eveiy  unit 

•  Spot-checking  is  the  norm  in 
manufacturing  quality  control.  Not 
at  HealthScan.  No  unit  leaves  our  plant 
without  being  tested  at  both  the  high  and 
low  ends  of  the  scale.  (Plus,  every  hour 
we  select  ten  random  samples  for  even 
more  rigorous  statistical  quality  control.) 

5     Put  it  to  the  test 
0  in  the  laboratory 

Recently,  researchers  at  Montefiore 
Medical  Center  measured  ASSESS 
against  our  leading  competitor.  Their 
findings?  The  accuracy  of  the  other  prod- 
uct deteriorated  after  only  two  months 
of  simulated  use.  But  ASSESS  kept  on 
delivering  consistently  accurate  readings.^ 


6      Put  it  to  the  test 
«  in  clinical  practice 

Lab  results  like  this  say  a  lot 
about  ASSESS.  Our  cUnical  accept- 
ance says  even  more.  Nine  out  of  every 
ten  peak  flow  meters  used  in  hospitals 
are  ASSESS.'  Why?  Read  on. 

7     Support  physicians 
i     Physicians  know  they  can  count 
on  us,  not  just  for  a  superior  product 
but  for  superior  service  —  including 
extensive  patient  education  materials, 
a  dedicated  professional  services 
department,  and  the  only  comprehensive 
peak  flow  monitoring  system. 
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Support  patients 
and  their  families 


We  don't  have  to  donate  hundreds 
of  units  every  year  to  asthma  camps 
across  America.  Or  back  ASSESS  with 
an  unlimited  one-year  warranty.  Or  make 
a  special  Braille  unit  for  blind  patients. 
Or  provide  patient  instructions  in  other 
languages.  We  just  figure  it's  the 
responsibility  of  a  leader. 
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Invite  criticism 

•    With  all  these  efforts,  you  might 
think  we'd  hate  to  hear  complaints  about 
ASSESS.  Just  the  opposite.  Frank  feed- 
back from  physicians  and  patients  only 
helps  us  make  ASSESS  better.  Which  is 
why  we  encourage  that  feedback  with  a 
toll-free  telephone  hotUne. 

^^\     Go  back  to  step  1 

l\#9  We're  proud  of  our  leadership... 
but  we're  not  satisfied.  So  we'll  keep 
on  making  improvements.  We  expect  more 
of  ASSESS.  You  should  too. 

For  more  information  — or  to  order 
ASSESS  for  your  practice— caU  toll-free 
1-800-962-1266. 
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Peak  Flow 
Meter 


STANDARD  RANGE 

60  to  880  L/min 


LOW  RANGE 

35  to  390  L/min 


Setting  the  standard  for  peak  flow  monitoring. 
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itored  with  a  PB  WuNclbrm  package.  A  printout  of  PKFR  was 
obtained  every  h  until  a  drop  or=209f  occurred,  then  even,  30 
min  until  an  =.'iO'(  drop  occurred,  and  then  ever\  2-10  min  to 
endpoint.  PEFR  \alues  were  measured  from  the  printout.  A 
209^  drop  in  PEFR.  a  209}  rise  in  PI  PIP.  or  a  159,  rise  in  PI 
B-P  were  considered  clinically  significant.  Results:  Results  are 
mean  (SD).  Useful  filter  duration  was  6.84  (l.l.'^l  h.  Initial 
PEFR  was  14.V8  (4.S)  L/min  and  a  20':(  drop  occurred  at  6.03 
(1.03)  h.  Initial  PI  B-P  was  10.5  (0.58)  cm  H.O.  and  a  25% 
rise  occurred  at  6.3  (1.1)  h.  Initial  PI  PIP  was  74.5  (3.1)  cm 
H:0.  and  a  20%  increase  occurred  at  6.8  (1.2)  h  when  PEFR 
had  dropped  to  =509r.  Time  until  clinical  significance  for 
PHFR  vs  PI  B-P  (p  <  0.04)  and  PEFR  vs  PI  PIP  (p  <  0.004) 
was  statistically  significant.  Once  pressures  began  to  rise.  Ihey 
approached  100  cm  H:()  within  5-20  min.  P2  PIP  paralleled  PI 
PIP.  P2  B-P.  which  refiects  the  baseline  pressure  the  ventilator 
v\ould  monitor,  did  not  rise  in  any  trial.  PF.FR  waveform  had  a 
sharp  peak  and  steep  slope  initially.  As  PEFR  decreased,  the 
peak  blunted  and  the  return  to  baseline  took  longer  (flatter 
slope).  When  PEFR  dropped  by  45-50%.  the  peak  v\as  very 
blunted  and  considerable  "auto-PEEP"  occurred.  Conclusion: 
Using  this  model,  PEFR  was  an  earlier  indicator  of  ventilator 
filter  obstruction.  A  significant  drop  in  PEFR  occurred  15-30 
min  before  pressure  increased.  Pressure  increased  only  after 
filter  resistance  increased  enough  to  lengthen  e\pirator\  time 
and  cause  air  trapping.  (Supported  in  part  by  the  Burroughs- 
Wellcome  Co.)  (OF-91-088) 


one  nebuh/er  system  allows  pentamidine  to  \ent  to  the  envi- 
ronment when  the  patient  removes  the  mouthpiece,  thus  the 
need  for  a  booth.  With  our  setup,  when  the  patient  takes  the 
mouthpiece  out  of  his  mouth,  the  vacuum  system  diverts  the 
medication  so  that  none  is  released  to  the  environment. 
Results:  We  have  checked  the  environment  around  the  mouth- 
piece using  oxygen  as  a  marker,  have  found  no  leaks,  and  ha\e 
verified  that  the  one-way  valves  in  the  system  seat  properly. 
Experience:  This  system  is  still  in  the  early  phase  of  develop- 
ment and  has  not  been  used  on  patients.  Conclusions:  Pen- 
tamidine remains  part  of  the  standard  chemotherapy  tor  Fmti- 
mocystis  carinii.  The  standard  system  to  decrease  environ- 
mental pentamidine  exposure  (to  reduce  potential  effects  on 
unborn  children  and  caregivers"  lungs)  is  an  isolation  booth. 
We  offer  an  alternative  that  provides  environmental  protection 
from  pentamidine  without  creating  an  adduional  source  of 
stigma  or  intensifying  patient  anxiety.  During  pentamidine 
delivery,  the  caregiver  wears  a  mask  as  a  barrier  (against 
potentially  undiagnoised  tuberculosis)  as  would  be  appropriate 
if  treating  such  a  patient  with  aerosolized  drug  other  than  pen- 
tamidine. Further  evaluation  is  necessary  to  see  whether  this 
method  provides  an  equivalent  drug  dose  and  whether  it  is 
practical  for  widespread  use.  (OF-91-142) 

Inexpensive  High  Flow  Evacuation  of  a  Riba>irin  .\dmin- 
istration  System — Charles  Ketlell  RRT.  Kalhrvn  Harris  RRT. 
Maine  Medical  Center.  Portland.  Maine. 


An  .Alternative  Method  of  Keducin}>  Environmental  Aero- 
solized Pentamidine — Charles  Kettcll  RRT.  Kathryn  Harris 
RRT.  .Maine  Medical  Center,  I'dillaml,  Maine. 

Introduction:  We  proposed  a  method  of  delivering  aeroso- 
lized pentamidine  that  prevents  the  drug  from  being  released 
into  the  environment  and  avoids  the  need  for  a  costly  tent  or 
booth  evacuation  system.  Method:  The  system  consists  of  a 
circuit  constructed  with  two  Maniuc-Ni  Respirgard  II  Nebulizer 
Systems,  other  readily  available  parts,  and  wall  vacuum  (see 
figure).  The  standard  method  of  delivering  pentamidine  using 


(1)  Opaque  MarquesI  one-way  valve,  (2)  l^arquest  Respirgard  II  neb- 
ulizer w/blue  T  &  O?  tubing.  (3)  1  link  (approximately  6 ")  disposable  cor- 
rugated tubing,  (4)  Briggs  T-adapler,  (5)  mouthpiece,  (6)  Blue  Marquest 
one-way  valve,  (7)  MarquesI  bacteria  filter,  (8)  72"  disposable  corrugated 
tubing,  (9)  Marquest  22-mm  adapter  (from  Respirgard  II  system),  (10) 
Bird  15-mm-OD  x  1/4"  tubing  adapter,  and  (11)  12"  suction  tubing  con- 
nected to  wall  vacuum  @  120  lorr  with  no  extension  tubing.  Note:  Circuit 
should  be  set  up  exactly  as  described,  modilication  could  result  in  mal- 
function. 


Introduction:  We  created  a  scavenging  system  from  existing 
equipmcni  to  decrease  the  environmental  levels  of  ribavirin 
durmg  administration.  Method:  In  a  manner  similar  to  that 
described  by  others,  we  created  a  double  enclosure  on  a  crib, 
supplied  ribavirin  and  an  additional  continuous  blended-gas 
supply  for  the  patient  to  breathe  in  an  inner  enclosure,  and 
u.sed  the  outer  enclosure  (adult  oxygen  tent)  to  contain  the 
ribavirin.  We  used  an  Emerson  Pleural  Suction  Pump  ( Model 
PS  72)  connected  (with  modifications)  to  2  separate  Intertech 
bacteria  filters  to  continuously  evacuate  the  adult  lent  through 
2  58-in-long  22-mm-ID  smooth-bore  tubes  on  either  side  of 
the  inner  enclosure.  We  replaced  filters  when  the  vacuum  level 
had  risen  5  cm  H:0  beyond  the  initial  level.  The  tent  inlets 
were  used  to  secure  the  various  tubings  while  improving  the 
patency  of  the  enclosure.  We  also  cut  a  4-in  square  'inlet'  hole 
in  the  lop  foot  of  the  lent  to  allow  fresh  air  into  the  tent.  Expe- 
rience: In  bi)th  a  mock  trial  and  three  Created  patients,  we  mon- 
itored ribavirin  levels  outside  the  adult  tent,  at  the  suction 
pump  exhaust,  inside  the  adult  tent,  and  at  breathing  zones  of 
participating  caregivers.  We  detected  ribavirin  levels  only 
inside  the  tent  during  administration  and  within  5  min  of  cessa- 
tion of  ribavirin,  with  the  highest  outside  speculative  exposure 
<  0.8  i(g/m'.  well  below  the  pennissible  exposure  level  of  2.7 
i(g/m'  for  an  S-h  time-weighted  average  and  all  personal  expo- 
sures below  the  exposure  level.  No  leaks  of  ribavirin  were 
detected  from  the  double-hood  system.  Conclusion:  We 
believe  the  Emerson  Pleural  Suction  Pump,  with  its  How  just 
prior  to  filter  change  of  240  L/min,  and  the  4-in  square  inlet  in 
the  adult  tent,  which  allows  fresh  uas  in  to  fiush  out  the  druL'. 
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are  both  useful  improvcmenls  t(i  previously  described  systems. 
tOF-9 1-143) 

Fvaliiiilion  of  Procedures  for  Protecting  Employees  from 
fAposure  to  Aerosolized  KibuNirin — Debra  t'ox  BHS  RRT. 
I'homas  Bloxham  MD,  HCA  Wesley  Medical  Center.  Wicliiia. 
Kansas:  Steven  W  Lenhart.  John  A  Decker.  National  Institute 
for  Occupational  Safety  and  Health.  Cincinnali.  Ohio. 

Introduction:  While  no  occupational  exposure  criteria  exist 
for  ribavirin,  the  drug  has  been  found  to  be  teratogenic  and/or 
embryolethal  in  some  animal  species  in  which  it  has  been 
tested.  Therefore,  exposures  to  riba\irin  by  individuals  other 
than  those  receiving  medical  treatment  should  be  avoided. 
Methods:  At  our  hospital,  ribavirin  is  administered  via  "Care 
Cube"  oxyhood.  A  24%  venturi  mask  adapter  operated  at  2  L/ 
min,  6-in  corrugated  tubing,  and  bacterial  fdter  are  placed  in 
the  hood's  outlet  to  scavenge  escaping  aerosol.  A  2-phase 
study  was  conducted  to  evaluate  this  administration  method 
and  ability  of  air-purifying  respirators  to  control  exposure  of 
respiratory  therapists  and  nurses  to  aerosolized  ribavirin. 
Lapel,  in-mask.  and  in-hood  samples  were  collected  during 
Phase  I  while  ribavinn  was  administered  to  infant  mannequins 
to  simulate  patients.  Each  worker  wore  a  3M  9920  disposable 
respirator;  quantitative  tit  testing  was  not  conducted.  Lapel,  in- 
mask,  and  in-hood  samples  were  collected  during  Phase  II 
while  ribavirin  was  administered  to  a  patient.  Workers  wore 
either  a  3M  9970  high-eftlciency  disposable  respirator  or  an 
MSA  half-mask  respirator  with  high-efficiency  cartridges. 
Respirator  type  and  face-piece  size  were  determined  from 
quantitative  fit  tests.  All  ribavirin  samples  were  collected  and 
analyzed  according  to  NIOSH  Method  5027.  Results:  For 
Phase  1.  8-h  time-weighted  average  (TW.'X)  lapel  concentra- 
tions ranged  from  87  to  323  i/g/m'  (n  =  6);  sampling  durations 
ranged  from  173  to  371  min.  10/17  in-mask  samples  contained 
no  detectable  ribavirin.  Estimated  8-h  TWA  in-mask  con- 
centrations ranged  from  3  to  21  i(g/m\  Shon-term  in-hood 
concentrations  ranged  from  1.3  to  123  mg/m'  (n  =  21).  For 
Phase  II.  8-h  TWA  lapel  concentrations  ranged  from  40  to  1 20 
Hg/m'  (n  =  7):  sampling  durations  ranged  from  45  to  102  min. 
7/8  in-mask  samples  contained  no  detectable  ribavirin;  1  sam- 
ple was  reported  at  the  limit  of  detection.  Estimated  8-h  TWA 
in-mask  concentrations  ranged  from  0.6  to  1.1  Mg/m\  Short- 
term  in-hood  concentrations  ranged  from  52.7  to  180  mg/m'  (n 
=  16).  (Shon-term  in-hood  samples  collected  without  the  scav- 
enging system  ranged  from  0.3  to  180  mg/m'.  n  =  32.)  Con- 
clusion: Exposure  to  aerosolized  ribavirin  occurred  in  spite  of 
use  of  scavenger  system.  Respirators  that  are  assigned  based 
upon  the  results  of  quantitative  fit  tests  may  provide  adequate 
protection  against  aerosolized  ribavirin.  In-hood  concentra- 
tions of  ribavirin  may  be  less  than  the  expected  value  of  190 
mg/m'.  (OF-9I-I14) 

Evaluation  of  the  Iso-Hood  System — .\  Portable  Aerosol 
Evacuation  System — Wanda  H   Perry    MEd  RRT.  Lloyd  E 
Hayes  MD.  Walter  F  Norris  RCP  RRT.  Greenville  Memorial 
Medical  Center.  Greenville,  South  Carolina. 
The  Iso-Hood  system  is  a  newly  developed  hood  device  that 


serves  as  a  portable  evacuation  system  (MicronAire  Corp. 
Anderson  SC).  It  was  developed  for  use  in  both  in-  and  out- 
patient areas  of  respiratory  care  and  may  be  indicated  for  use 

with  procedures  such  as  pentamidine  and  ribavirin  therapy, 
sputum  induction,  and  high-risk  brinichoscopy.  The  purpose  of 
this  study  was  to  evaluate  the  effectiveness  of  this  system  for 
evacuating  and  filtering  particulate  aerosol  Method:  14 
patients  in  the  outpatient  pcntaundine  program  participated  in 
the  study  ( 13  men.  I  woman,  median  age  37.5  y).  Each  patient 
was  positioned  under  the  Iso-Hood  system  and  instructed  lo 
cough  onto  a  blood  agar  plate  (held  12  inches  from  mouth), 
while  a  blood  agar  plate  was  held  simultaneously  at  the  same 
distance  from  the  Iso-Hood  exhaust  system.  Plates  were  cul- 
tured and  colony  growths  counted.  A  questionnaire  was  admin- 
istered to  each  patient  following  therapy.  Results:  A  signifi- 
cant difference  was  found  between  the  number  of  colonies  on 
the  cough  plates  (median  26 1  and  corresponding  exhaust  plates 
(median  0)  (p  <  0.0005  from  Wilcoxon  signed-rank  test).  A 
particle  count  was  also  done  for  1  patient  undergoing  pen- 
tamidine therapy,  which  vielded  the  following  results: 


Particle  Size 

Under  Iso-Hood 

At  Exhaust 

1  micron 

95.772 

39.287 

3  microns 

121.562 

30.910 

5  microns 

95.117 

31,005 

Patient  reaction  to  the  Iso-Hood  was  extremely  favorable. 
Results  from  the  patient  questionnaire  were  as  follows:  92% 
were  not  hot  inside  hood.  71%  felt  that  hood  did  not  restrict 
movement.  98%  felt  the  technician  was  accessible  and  could 
be  easily  heard,  and  88%  felt  the  Iso-Hood  protected  their  dig- 
nity. The  experience  of  the  investigators  has  been  that  the  Iso- 
Hood  is  convenient  for  both  technician  (portable  and  easy  to 
clean)  and  patient.  Conclusion:  This  system  appears  to  be 
effective  in  filtering  and  evacuating  aerosol  particles  generated 
from  pentamidine  treatment  as  well  as  aerosols  generated  from 
the  sneeze  or  cough  of  a  patient.  Findings  suggest  that  the  Iso- 
Hood  system  could  be  used  while  delivering  aerosolized  med- 
ications as  well  as  to  create  a  cleaner  environment  for  both  the 
health-care  worker  and  patient.  (OF-91-06I ) 


Resource  Utilization  and  Cost-Effectiveness 

Metabolic  Measurements  (MM)  Influence  Physician  (MDs) 

Practice— James  M  Darin  RRT.  Charles  G  Durbin  Jr  MD. 

University  of  Virginia  Health  Sciences  Center.  Charlottesville. 
Virifinia. 

After  introducing  a  respiratory-care-based  MM  service  (lim- 
ited to  intubated  patients  on  Fio:  i  0.6).  we  sought  to  deter- 
mine whether  MDs  were  using  the  information  to  alter  patient 
nutrition  plans.  Prior  to  this  time.  MDs  used  a  stress-moditled 
Harris-Benedict  calculation  to  prescribe  nutrition.  Hypothesis: 
MDs  would  learn  to  use  MM  to  optimize  nutrition  manage- 
ment. Method:  MM  were  performed  as  ordered.  At  least  one 
follov\.-up  MM  was  done  within  5-7  days  of  the  initial  study. 


RESPIRATORY  CARE  •  NOVEMBER  '91  Vol  36  No  1 1 


1283 


Isn't  throwing  away 
a  pulse  oximeter  sensor 
like  throwing  away  your 
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why  not  sa\'e  your  hospital 
tens  of  thousands,  perhaps 
hundreds  of  thousands  of 
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MM  were  performed  using  a  MedGraphics  metabolic  cart. 
Model  CCM.  Resting  energy  expenditure  (REE)  v. as  deter- 
mined by  breath-by-breath  exhaled-volunie  measurement  and 
gas  analysis.  Caloric  intake  I  CAD  for  the  previous  24  hours 
and  REE  were  compared.  Nutntion  management  was  con- 
sidered appropriate  if  the  follow-up  measurement  indicated 
that  the  MD  had  made  an  appropriate  caloric  adjustment  based 
on  the  results  of  the  initial  measurement,  and  was  defined  as 
REE  and  CAL  within  T'iWt .  Results:  79  paired  measurements 
were  analyzed.  The  number  of  measurements/mo  resulting  in 
appropriate  management  (#  Appr)  are  shown  below: 

Aug  90  Sep  90  Oct  90  Nov  90  Dec  90  Jan  91  Feb  91 

#Appr            3  6  2            13           10           17  6 

Total               6  II  3            16           14          21  8 

'7r  .Appr         50  .^5  67            81            71           81  75 

.MDs'  use  of  .MM  for  C.\L  alteration  increased  progressively 
over  this  time  period.  Overall.  MDs  made  appropriate  CAL 
adjustments  in  71'7f  of  the  cases:  90'7f  of  these  resulted  in 
improved  patient  matching  between  REE  and  CAL.  MDs  did 
not  make  recommended  CAL  adjustments  in  29%  of  cases; 
b39c  of  these  resulted  in  increased  difference  between  REE 
and  CAL.  Conclusions:  Physicians  are  using  the  results  of 
MM  to  alter  nutritional  suppon.  Use  of  REE  has  improved 
matching  of  patient  diet  and  caloric  use.  (OF-9 1-005) 

.-V  Strategy  To  Reduce  Costs  Associated  with  Pulse  Oxim- 
etn  in  Non-Critical  Care  .\reas — Michael  J  Mahlmeister 
MS  RCP  RRT.  James  B  Fink  MS  RCP  RRT.  Neal  H  Cohen 
MD.  UCSF  Medical  Center,  San  Francisco.  California. 

Introduction:  The  use  of  pulse  o.ximeters  for  monitoring  O2 
delivery  and  adequacy  of  oxygenation  in  noncritical  care  envi- 
ronments has  increased.  Between  1987  and  1989.  our  institu- 
tion experienced  a  375Cf  increase  in  orders  for  pulse  oximetry 
in  non-critical  care  areas.  In  the  absence  of  specific  guidelines 
for  SpO:  monitoring,  continuous  oximetry  was  provided  upon 
physician  request,  leading  to  a  400%  increase  in  oximeter  ren- 
tals with  associated  costs  of  supplies  and  staff  time.  We  devel- 
oped a  cost-effective  program  10  more  efficientlv  match  human 
resources  and  equipment  availability  with  patient  need. 
Method:  In  December  1988,  guidelines  for  the  use  of  continu- 
ous vs  spot-check  SpO:  monitoring  were  developed  by  an  inter- 
disciplinary task  force  and  distributed  to  all  medical  staff.  Dur- 
ing a  2-mo  pilot  project.  2  nursing  units  with  documented  high 
utilization  of  SpO:  monitoring  each  received  2  N-IO  pulse 
oximeters  (Nellcor  Inc.  Hay  ward  CA).  The  nursing  staff  per- 
formed all  SpO:  spot  checks,  either  physician-ordered  or  nurse- 
initiated,  while  continuous  SpO:  monitoring  remained  available 
through  our  Respiratory  Care  Service  (RCS).  Data  were  re- 
corded by  the  nursing  personnel  each  time  a  spot  check  was 
pertomied.  Results:  833  spot  checks  were  documented  dunng 
the  60-d  pilot  period.  98%  (818/833)  of  spot  checks  were  indi- 
cated to  be  of  value  by  nursing  staff,  with  30%  of  the  checks 
resulting  in  a  change  in  therapy.  37%  of  the  spot  checks  were 
nurse-initiated.    155   patients  had  an  Spo:  reading  less  than 


90%.  with  77  of  those  measured  for  patients  breathing  room 
air.  All  77  had  O:  therapy  initiated  or  received  other  therapy  as 
a  result  of  the  low  Spo:-  Reasons  for  obtaining  spot  checks 
included  ( 1 )  routine  checks  51%.  (2)  single  measurement  31%, 
(3)  assessment  of  change  in  O:  therapy  13%.  and  (4)  assess- 
ment of  change  in  clinical  status  5%.  Utilization  of  continuous 
pulse  oximetry  on  these  2  units  dropped  to  1/5  of  pre-pilot  lev- 
els. Discussion:  Evaluation  of  the  data  by  the  task  force  cou- 
pled with  nursing  staff  suppon  for  the  pilot  project  resulted  in 
the  acquisition  of  N-10  oximeters  for  all  non-cntical  care  nurs- 
ing units,  with  appropriate  in-service  training.  At  6-mo  follow- 
up.  orders  for  continuous  oximetry  had  been  reduced  from  an 
average  of  520  d/mo  to  <  100  d/mo.  This  program  generated  a 
net  savings  in  rentals  and  supplies  of  S 1 4 1 .3 1 0  over  the  first  1 2 
mo  (after  purchasing  the  N-lOs)  and  allowed  RCS  to  reallocate 
1.2  full-time  equivalent  to  critical  care  staffing.  We  were 
unable  to  identify  any  untoward  consequences  or  adverse 
patient  outcomes  as  a  result  of  the  change  in  procedure.  Con- 
clusions: Use  of  an  interdisciplinary  task  force  invoh  ing  nurs- 
ing, respiratory  care,  and  medical  staff  facilitated  the  develop- 
ment of  a  strategy  that  allowed  for  convenient,  cost-effective, 
clinically  acceptable  availability  of  SpO:  spot-check  monitor- 
ing. The  availability  of  pulse  oximetry  monitoring  by  nursing 
personnel  provided  timely,  acceptable  feedback  regarding  the 
clinical  status  of  the  patient.  We  recommend  that  other  institu- 
tions explore  similar  approaches  to  prov  iding  SpO:  monitoring 
in  non-critical  care  environments.  (OF-9 1-042) 

Results  of  Implementing  a  Program  to  Review  the  Utiliza- 
tion of  Pulse  Oximetry— Richard  M  Ford  BS  RCP  RRT. 
David  M  Bums  MD.  UC-San  Diego  Medical  Center.  San 
Diego.  California. 

Pulse  oximetrv  has  gained  widespread  acceptance  in  the  med- 
ical community  as  a  standard  of  care  in  the  surveillance  of 
patients  receiving  oxygen  or  mechanical  ventilation.  The  ser- 
vice of  pulse  oximetrv  at  UCSD  Medical  Center  represents 
considerable  costs  that  include  S250.000  of  capital  equipment, 
prior-year  rental  cost  of  S2 1.600.  prior-year  disposable  probe 
cost  of  S50.000.  and  prior-year  labor  expenses  estimated  to 
exceed  S25.000.  Last  year  2.997  oximeter  'new  stans"  were 
initiated  and  304,180  hours  of  continuous  monitoring  pro- 
vided. The  annual  increase  in  oximetry  service  has  exceeded 
30%  in  each  of  the  past  5  years.  Upon  review,  we  recognized 
the  potential  for  significant  cost  reductions  directly  related  to 
the  timely  identification  and  discontinuance  of  oximeter  mon- 
itoring that  is  not  medically  necessary.  Methods:  Guidelines 
for  oximetry  use  were  developed  and  an  RCP  designated  to 
assess  utilization  as  per  approved  criteria.  Indications  for  con- 
tinued oximetr)  were  ( 1 )  conditions  in  which  episodes  of 
desaturation  are  likely  or  have  been  observed  in  the  past  24 
hours.  (2)  any  patient  in  whom  the  Fio:  is  >  40%,  (3)  any 
patient  on  mechanical  ventilation  in  the  ICUs.  and  (4)  titration 
of  the  F102  ai  intervals  of  <  every  4  hours  when  anerial  blood 
gases  are  not  being  performed.  The  primary  criteria  for  dis- 
continuance was  an  O:  saturation  >  95%  over  a  24-h  period. 
without  other  indications  for  oximetrv  monitoring.  If  the  RCP 
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evaluation  showed  no  medical  indication  to  continue  oximetry, 
the  ordering  phvsician  was  contacted  to  discontinue  the  ser- 
vice. Results:  In  the  first  2  months  of  the  program.  S2/2I.'^ 
(38.1%)  of  oximetr>'  patients  reviewed  met  criteria  for  dis- 
continuance; of  this  group.  .^6.1%  were  discontinued  within 
the  first  24  hours.  Follow-up  revealed  112  or  52%  of  all 
patients  reviewed  were  actually  discontinued  within  a  72-h 
period  of  the  initial  evaluation.  Comparisons  for  the  12  months 
preceding  the  review  program  indicated  ( 1 )  oximetry  hours 
reduced  by  16.9%.  (2)  oximetry  starts  reduced  5%,  O)  oxim- 
etry hours/patient  reduced  12.2%.  and  (4)  oximetry  hours  in 
relation  to  hours  of  mechanical  \entilation  and  oxygen  service 
reduced  12.6%.  Conclusion:  The  Oximetry  Review  Program 
at  UCSD  has  facilitated  ongoing  review  of  the  quality  and 
medical  necessity  of  oximetry,  documentation  of  the  indica- 
tions and  effectiveness  of  care,  timely  inler\ention.  dis- 
continuance, and  development  of  a  database  of  information  to 
assess  usage  trends  and  resource  consumption  in  terms  of  loca- 
tion, prescriber.  and  type  of  patient.  Preliminary  comparisons 
demonstrate  a  protocol  implemented  by  RT  can  shorten  the 
duration  of  oximetry  use.  thus  reducing  resources  and  cost 
associated  with  pro\iding  oximetry  service.  (OF-91-l()4) 

.\  24-Hour  Study  of  ():  .Saturations  in  IS  \on-\t'nlilaled 
Patients— Michael  S  Friel  RRT.  Susan  M  l.ohse  RRT.  Uni- 
versity Medical  Center:  Stuart  F  Quan  MD.  L!niversity  of  Ari- 
zona Health  Sciences  Center:  Linda  Kossiver  RRT.  Pima  Med- 
ical Institute — Tucson.  Ari:ona. 

Introduction:  The  postoperative  period  following  abdominal 
surgery  (POAS)  is  associated  with  a  decrease  in  FRC  and  epi- 
sodes of  hypoxemia.  Purpose:  We  wished  to  determine 
whether  continuous  pulse  oximetry  (PO)  is  necessary  to  mon- 
itor for  hypoxic  episodes  or  whether  empiric  O;  alone  would 
minimize  hypoxemia  and  make  PO  unnecessary.  Hypothesis: 
We  postulated  thai  PO.\S  patients  receiving  low-tTow  O: 
would  have  fewer  long  (>  2  min)  and  short  (<  2  min)  desats 
(90%)  and  that  PO  would  have  no  measurable  impact  on 
patient  care.  Methods  &  .Materials:  18  patients  (11  men) 
mean  age  54  y  (range  28-72  y)  were  studied.  O:  sats  and  pulse 
rate  were  recorded  using  Nellcor  N-lOO  interfaced  to  Apple  II 
using  Profox  oximetry  program  or  an  Ohmeda  .^700  combined 
with  Ohmeda  dual  strip-chart  recorder.  .^  patients  in  the  O^  and 
air  group  had  a  history  of  tobacco  use.  Study  began  on 
patient's  arrival  in  room  and  continued  for  24  h  (mean  20.4  h). 
Results:  Measurements  were  analyzed  by  non-parametric 
ANOVA.  O:  (n  =  9)  and  room  air  (RA.  n  =  9)  groups  had 
higher  mean  sats  (p  <  0.025)  than  switchover  group  (n  =  3) 
(mean  sats  95.9.  94.9.  92.3.  respectively).  Switchover  groups 
were  created  when  caregivers  obtained  O;  orders  based  on 
observed  desats.  O:  and  switchovers  had  fewer  short  desals  (p 
<  0.0(X)I  than  RA  group.  No  difference  (p  =  ns)  in  number  of 
long  sats  between  RA  and  switchiner  groups.  Significantly 
fewer  (p  <  0.042)  long  desats  in  the  O:  group  Conclusion:  O: 
group  had  fewer  desats  than  RA  group  (.V4()9).  24  h  of  PO 
generally  costs  more  than  providing  O:  for  same  period.  A 
reduction  in  cost  of  care  mav  be  realized  if  O^  not  PO  is  insti- 


tuted tor  the  24-h  period  foliowing  AS.  (OF-9I-I61 ) 

Reusing  Tracheostomy  Tubes  in  \  entilator-Dependent 
Children — Angela  M  Jerome  MS  RN.  Kathryn  K  McDonald 
R.\  BS.\.  Ellie  Zuck  Tucker  AS  RRT.  Benita  Rogers  CRTT. 
Gerald  L  Strope  MD.  Children's  Hospital  of  The  King's 
Daughters.  Norfolk.  Virginia. 

Introduction:  The  cost  of  weekly  tracheostomy  (trach)  tube 
changes  in  our  chronically-hospitalized  ventilator-dependent 
children  was  significant.  A  procedure  for  reusing  patient- 
specific  uncuffed  trach  tubes  for  6  months  (similar  to  home 
care)  was  developed.  Method:  We  initiated  a  procedure  that 
involved  reusing  our  inpatient  uncuffed  trach  tubes.  After 
removal,  the  trach  tube  was  soaked  in  hydrogen  peroxide  and 
cleaned  by  one  of  three  specific  persons  using  non-sterile  sup- 
plies, non-lanolin  based  soap,  and  tap  water.  A  quality-control 
inspection  was  performed  and  documented  to  assure  there 
were  no  trach-tube  deformities.  Trach-tube  surface  cultures 
were  obtained  every  2  months.  The  incidence  of  bronchitis  and 
tracheitis  prior  to  and  after  the  change  in  procedure  was  com- 
pared. Results:  .\  2-tailed  r  test  showed  no  significant  differ- 
ence in  the  incidence  of  bronchitis  or  tracheitis  for  the  year 
prior  to  and  after  the  change  in  procedure.  This  is  despite  a  sig- 
nificantly higher  number  of  patient  days  on  the  unit  (p  <  0.05) 
following  the  change.  Trach-tube  surface  cultures  were  neg- 
ative except  for  one  during  early  phases  of  the  procedure.  The 
yearly  cost  prior  to  reusing  trach  tubes  was  S29.203.  and  the 
yearly  cost  after  the  change  w  as  S2.246.  Conclusions:  Reusing 
uncuffed  trach  tubes  did  not  increase  the  incidence  of  bron- 
chitis or  tracheitis  in  our  unit.  This  procedure  provided  a  safe, 
cost-effective  alternative  to  using  sterile  trach  tubes  for 
changes  on  our  chronic  \entilator-dependent  children,  (OF-9I- 
117) 

The  Effect  of  Respiratory  Care  Department  Management 
of  a  Blood  (ias  Analyzer  on  Appropriateness  of  AlUi  I  til- 
ization— Charies  G  Durbin  Jr  MD.  Kathryn  Beasley  RRT. 
James  Darin  RRT.  University  of  Virginia  Health  Sciences 
Center.  Chortoltesville.  Viri^inia. 

In  Spring  1989.  the  Surgical  ICU  (SICU)  was  moved  to  a  new 
building.  Prior  to  the  move.  ABG  analysis  had  been  provided 
by  a  local  STAT  I.ab.  staffed  24  h/d  b\  the  clinical  laboratory. 
The  move  resulted  in  transporting  samples  4  lloors  to  the  cen- 
tralized STAT  Lab  Bench.  Transponation  delay  resulted  in 
unacceptably  slow  turnaround  (a\erage  37  min)  on  critically  ill 
patients.  After  6  mo  an  automated  blood  gas  analyzer  (Coming 
282  ABL)  was  placed  just  outside  the  SICU.  RCPs  trained  in 
its  use  were  the  only  personnel  permitted  to  process  .ABG  sam- 
ples. Quality  control  and  machine  maintenance  were  provided 
by  the  clinical  laboratory.  Hypothesis:  Because  the  single 
SlCU-based  RCP  had  to  lease  the  SICL'  to  process  the  ABG. 
use  of  ABGs  would  decrease  and  appropriateness  of  sampling 
would  increase.  Previously  described  algorithm  flowchart  of 
appropriate  indications  for  ABG  Analysis  (Respir  Care  1989: 
34:269-280)  was  used   to  determine  the  appropriateness  of 
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ABG  analysis.  All  staff  (nurse,  RCP,  physician)  could  draw  or 
request  an  ABG.  but  RCP  service  for  analysis  was  provided 
only  if  the  RCP  agreed  analysis  "was  appropriate"  (other  sam- 
ples were  sent  to  the  main  laboratory).  448  randomly  selected 
ABGs  (148  prior  to  and  13()/mo  and  130/y  after  initiation  of 
RCP  service)  were  retrospectively  e\aluated.  Differences 
between  the  number  of  ""appropriate"  and  ""not  appropriate" 
ABGs  during  each  follow-up  period  (compared  to  control)  in 
each  caregiver  group  was  evaluated  w  ith  chi-square.  Results: 


Control 


Month 


1  Year 


RN 

429c 

73% 

.035 

73'-; 

0.066 

RCP 

909f 

87% 

.813 

91% 

0.400 

ABG/PlOD 

3.8 

3.1 

3.7 

Conclusions:  RCP-nianaged  ABG  analysis  produced  an 
immediate  and  sustained  improvement  in  appropriateness  of 
ABG  analysis  initiated  by  nurses.  No  change  occurred  in  the 
"appropriate"  percentage  of  therapist-initiated  ABGs  or  the 
number  of  .ABGs/patienl/d.  The  forced  educational  and  col- 
laborative interaction  between  RCPs  and  nurses  improved 
nursing  decision-making  regarding  ABG  analysis.  (OF-91- 
043) 

Five-Day  Changes  for  Heated-Wire  Circuits — John  Grenon 
RCP.  Lauren  Armstrong  BA  RRT.  Children's  Hospital  of  San 
Francisco.  San  Francisco.  California. 

The  standard  of  practice  in  our  respiratory  department  is  to 
change  heated  wire  circuits  at  Day  5.  As  a  quality  assurance 
issue  and  because  there  was  little  published  research  on  the 
subject,  we  attempted  to  determine  the  appropriateness  of  our 
practice.  This  study  was  designed  to  determine  whether  there 
was  growth  and/or  increased  growth  over  time  before  circuit 
change  at  Day  3.  Method:  A  total  population  of  45  patients 
from  NICU.  PICU.  and  adult  ICU  who  were  mechanically  ven- 
tilated for  5  days  or  more  were  studied.  Isothermal  heated-wire 
circuits  w  ith  Fisher-Paykel  heaters  were  used.  After  48.  72.  96. 
&  1 20  hours  of  ventilation,  cultures  were  taken  from  3  sites: 
the  MR600  humidification  chamber,  the  Y-adapter.  and  the 
exhalation  end  of  the  circuit.  Culture  swabs  were  sent  to  the 
laboratory,  spread  onto  blood-agar  plates,  and  analyzed  for 
growth  and  colony  counts.  Results:  50  circuits  used  for  96  to 
120  hours  were  analyzed.  4  species  of  gram-negative  rods.  3 
species  of  gram-positive  cocci,  and  1  species  of  gram-positive 
rod  were  identified.  No  growth  was  found  at  the  humidifier. 
15/50  Y-adapters  were  positive  for  growth;  11/15  cultures 
matched  for  growth  found  in  patient  sputum  results  prior  to  the 
study.  10/50  exhalation  sites  were  positive  for  growth;  9/10 
matched  growth  found  in  the  patient's  sputum  prior  to  the 
study.  There  was  no  increase  in  colony  counts  from  Day  2  thru 
Day  5  from  any  of  the  cultured  sites.  Conclusion:  We  con- 
clude that  much  of  the  growth  that  was  seen  w  ithin  the  circuits 
was  due  to  contamination  from  patients"  sputum.  Our  study 
helped  to  determine  whether  we  would  continue  5-day  circuit 
changes.  Further  research  is  needed  with  a  control  group  in 


order  to  validate  or  disprove  our  findings.  Lintil  then  our  prac- 
tice of  5-da\  circuit  changes  will  continue.  (OF-9 1-001 ) 

Extended  Use  of  Heated  Neonatal/Pediatric  Ventilator  Cir- 
cuits (HN\C)  Robert  M  K.icmarek  PhD  RRT.  Patricia  Eng- 
lish .MS  RRT,  Nancy  Vallende  BS  MT  (ASCP)  CIC.  Cyrus  C 
Hopkins  MD.  Massachusetts  General  Hospital,  Boston.  Mas- 
sachusetts. 

Heated  neonatal/pediatric  ventilator  circuits  reduce  the  like- 
lihood of  ventilator  circuit  contamination  and  have  been  used 
beyond  the  normal  48-h  limit  without  the  occurrence  of  nos- 
ocomial infection  (Respir  Care  1990:35:1089).  As  a  result,  we 
questioned  whether  these  systems  could  be  safely  used  for 
extended  periods  of  time.  .Methods:  Upon  institution  of 
mechanical  ventilation  (MV).  a  sputum  culture  was  obtained 
and  MV  was  provided  via  a  heated  Isothermal  custom  pediat- 
ric breathing  circuit  (Baxter)  and  Conchatherm  plus  humidifier 
(RCI).  When  the  1.5  L-H:0  feed  was  empty  it  was  replaced, 
but  the  circuit  was  left  intact.  A  second  sputum  culture  was 
obtained,  as  well  as  swab  cultures  of  the  internal  orifice  of  the 
infant's  manual  ventilator  and  endotracheal  tube  attachment. 
When  the  second  1.5  L-H;0  feed  was  empty,  the  circuit  was 
removed  and  a  broth  washing  performed  on  1 8  inches  of  the 
inspiratory  circuit  (IC)  closest  to  the  patient.  A  third  sputum 
culture  was  performed  at  this  time,  as  well  as  cultures  of  the 
manual  ventilator  and  the  cap  used  to  alternately  cover  the 
manual  ventilator  and  circuit  Y.  Results:  Data  were  obtained 
on  20  patients,  with  a  total  of  29  circuits  used  (5  patients 
required  multiple  circuits  over  a  period  of  wks).  Length  of  cir- 
cuit use  varied  from  4  to  10  d  (mean  [SD]  6.14  [1.6|  d).  Only  2 
IC.  4  MV.  and  2  caps  showed  positive  cultures:  all  dem- 
onstrated organisms  identified  in  the  sputum  at  onset  of  MV. 
No  nosocomial  pneumonias  developed.  Conclusion:  HNVCs 
may  be  safely  used  for  the  length  of  time  required  to  consume 
2  1.5-L  feeds,  provided  care  is  exercised  to  minimize  con- 
tamination of  the  ventilator  system.  (OF-9 1-091) 

Resuscitation  Techniques,  Equipment,  and  Adjuncts 

Evaluation  of  the  Effect  of  Fatigue  on  \  olunies  Delivered 
during  .-Vdult  Bag-\al\e  \  entilation  (B\\) — Dean  Hess 
MEd  RRT.  .Mark  Simmons  MS  RPFT  RRT.  .Scott  Blau- 
kovitch.  Tom  Doyle.  Deb  Lightner.  York  Hospital.  York. 
Pennsylvania. 

Study  Question:  What  is  the  effect  of  fatigue  on  volumes 
delivered  during  BVV'  Methods:  BVV  was  delivered  through 
a  7-mm-ID  endotracheal  tube  fitted  to  a  Michigan  Instruments 
TTL  with  a  compliance  of  50  niL/cm  H^O.  An  adult  Laerdal 
bag-valve  resuscitator  with  gas  collection  head  was  used.  A 
Bear  VM-90  was  used  to  measure  exhaled  volumes;  its  accu- 
racy was  confirmed  using  a  calibration  syringe.  All  par- 
ticipants (n  =  28)  were  BCLS  certified  and  were  familiar  with 
BVV  technique.  Each  person  was  instructed  to  ventilate  the 
TTL  for  10  min  at  a  rate  of  12/min  with  the  same  technique 
used  for  patient  ventilation.  Ve  and  f  were  measured  for  Min- 
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used  for  patient  veniilation  M  and  t  were  measured  for  Min- 
utes 2.  5.  and  9.  V|  was  calculated  by  dividing  \fe  hy  f.  Grip- 
strength  was  measured  using  a  mechanical  digital  grip-strength 
tester  for  both  the  dependent  and  independent  hands  before 
and  immediately  following  each  lO-min  ventilation  trial.  Ven- 
tilation was  delivered  using  1  hand  and  2  hands,  with  the  order 
randomly  determined  and  a  15-min  recovery  period  between 
the  2  test  periods.  Summary  data  were  determined  as  mean 
(SD).  Differences  between  volumes  during  the  3  measurement 
periods  for  1-  and  2-handed  ventilation  were  evaluated  by  2- 
way  repeated  measures  ANOVA.  Differences  in  grip-strength 
were  evaluated  using  a  paired  /  test.  Results:  Using  I  hand  to 
squeeze  the  bag,  the  volumes  deli\ered  were  0.72  (0.17)  L, 
0.72  (0.17)  L.  and  0.7.1  (O.I4l  L  for  Minutes  2.  5.  and  9. 
respectively.  Using  2  hands  to  squeeze  the  bag,  the  volumes 
delivered  were  0.96  (0.201  L,  0.94  (0.20)  L,  and  0.9.1  (0.19)  L 
for  Minutes  2,  5,  and  9,  respectively.  There  was  no  significant 
change  in  volumes  delivered  for  the  3  measurement  periods  (p 
=  0.S4),  but  the  volumes  delivered  using  2  hands  were  sign- 
ficantly  greater  than  those  delivered  using  I  hand  (p  <  0.001 ). 
For  volume  delivered,  there  was  no  significant  interaction 
between  time  of  measurement  and  using  I  hand  or  2  hands  to 
squeeze  the  bag  (p  =  0.27).  When  1  hand  was  used,  there  was  a 
small  but  signit"icant  decrease  in  the  grip-strength  of  the  hand 
used  to  squeeze  the  bag  (35  |9|  kg  before,  33  |9|  kg  after,  p  = 
0.007).  but  no  change  in  grip-strength  of  the  other  hand  (31  [9| 
kg  before.  31  [9]  kg  after,  p  =  0.47).  When  2  hands  were  used 
to  squeeze  the  bag.  there  was  no  significant  change  in  grip- 
strength  for  the  dependent  hand  (34  |9|  kg  before,  34  [9|  kg 
after,  p  =  0.79)  or  the  independent  hand  (31  |9|  kg  before.  31 
[8]  kg  after,  p  =  0.57).  Conclusions:  For  this  short-term  study 
( 10  min),  fatigue  as  measured  b\  digital  grip-strength  changed 
very  little  and  had  no  significant  effect  on  volumes  delivered. 
For  volume  delivered,  the  effect  of  using  2  hands  to  squeeze 
the  bag  was  greater  than  the  effect  of  fatigue.  Further  work  is 
needed  to  assess  the  effect  of  fatigue  when  using  a  bag-\al\e 
resuscitator  for  longer  periods  of  time,  when  using  different 
types  of  bag-valve  resuscitators,  with  different  lung  com- 
pliances and  with  different  airway  resistances.  (OF-91-029) 


Resistance  to  How  throu)>h  .\dult  Baf;-\alvc  Resus- 
citators—Dean  Hess  MEd  RRT,  Mark  Simmons  MS  RPFT 
RRT,  Matthew  Vaughn.  York  Hospital.  York,  I'ciiiisylvuniii. 

Study  Question:  What  is  inspiratory  and  expiratory  flow  resis- 
tance ol  adult  resuscitators?  Methods:  We  evaluated  12  adult 
resuscitators  (Ambu,  Code  Blue,  DMR,  Hope  4,  Hospilak, 
Hudson,  Inlcrtech,  Laerdal,  Mercury.  Respironics.  SPUR, 
Viialograph)  F.Npiratory  resistance  was  evaluated  by  directing 
flow  of  O2  through  the  \alve  in  direction  Ihal  llou  moves 
when  patient  exhales.  Inspiratory  resistance  was  e\aluated  by 
directing  ();  through  the  valve  in  direction  that  How  moves 
when  bag  is  squeezed.  Flow  was  controlled  by  Timeter  0-75 
flowmeter  and  measured  using  a  calibrated  Timeter  RT-200. 
Flows  of  10,  20,  30,  40.  50.  60.  70.  80.  and  90  L/min  were 
used    Back  pressure  due  to  the  resistance  of  the  resuscitator 


valves  was  measured  using  a  calibrated  Timeter  RT-200. 
Resistance  was  calculated  by  dividing  back  pressure  by  flow;  5 
measurements  were  made  at  each  flow  setting  for  each  resus- 
citator. Statistical  .\nalysis:  .Analysis  of  variance  and  calcula- 
tions of  mean  (SD).  Results:  Differences  exist  in  resistances 
between  flows  (p  <  0.001  ).  between  inspiratory  and  expiratory 
flows  (p  <  0.001 ),  and  between  resuscitators  (p  <  0.001  in  each 
case).  Significant  interaction  effects  were  seen  for  valve  resis- 
tance between  resuscitator  brands,  flows,  and  inspiratory/ 
expiratory  flows  (p  <  0.001 ). 


Resuscitators 

Ambu 

Code  Blue 

DMR 

Hope  4 

Hospitak 

Hudson 

Intertech 

Laerdal 

Mercury 

Respironics 

SPUR 

Vitalograph 


Inspiratory  Expiratory 

Resistance  Resistance 

(mean  |.SD|  in  cm  H;0/l./s  at  90  L/min  flow) 


3.3(0.01) 
4.5(0.02) 
7,7(0.12) 
3.6(0,01) 
10.4(0.01) 
4.0(0.02) 
5.3(0.03) 
4.2  (0.02) 

7.4  (0.02) 
4.1  (0.01) 

2.5  (0.04) 
13.7(0.1) 


3.6(0.01) 

2.5  (0.02) 
3.3(0.01) 
2.0(0.04) 

10.4(0.11) 
2.6(0,03) 
3.6(0.01) 
2.9  (0.05) 

4.6  (0.02) 
2,3(0.01) 
3.9  (0.04) 
7.2(1.11) 


Inspiratory  Expiratory 

Resistance  Resistance 


Resuscitators 

(mean  |SD]  in  cm  H 

:0/Usal  10  L/min 

.Ambu 

5.3  (0.04) 

4.3(0.17) 

Code  Blue 

4.9(0.18) 

2.0(0.31) 

DMR 

4,3(0,03) 

0.5(0,01) 

Hope  4 

4,6  (0.01 ) 

8,8(0,18) 

Hospitak 

16.1  (0.03) 

11.2(0.08) 

Hudson 

5.8(0.25) 

2.2(0.12) 

Intertech 

7.1  (0.24) 

2.9(0.05) 

Laerdal 

4.7(0,28) 

3.8  (0,25) 

Mercury 

9.3  (0,07) 

2,6  (0,03) 

Respironics 

7.1  (0.09) 

8.0(0.2) 

SPUR 

1.6(0.24) 

0.6(0.03) 

Vitalograph 

11.4(0.2) 

6.4(1.45) 

Conclusions:  Differences  in  resistance  to  flow  were  sig- 
nificant— in  some  cases  perhaps  excessive.  Excessive  expir- 
atory resistance  may  prolong  exhalation,  resulting  in  auto- 
PF.FP.  Excessive  inspiratory  resistance  may  produce  fatigue  in 
hand  of  person  squeezing  bag.  Further  work  is  needed  to  deter- 
mine the  clinical  importance  of  these  findings.  (OF-91-030) 

The  F.ffi'ct  of  Inlet  Pressure  on  the  Flow  from  ():-l'o\vcred 
Resuscitators — Dean  Hess  Mlid  RRT,  Mark  Simmons  MS 
RI'IT  RRT,  Tony  Ruppert  CRTT,  Sandra  McClure  CRTT. 
York  Hospital.  York.  Pennsylvanici. 

Although  seldom  used  in  ihc  hospital.  ()--powered  resus- 
citators arc  commonK  used  durina  field  resuscitation.  Due  to 
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concerns  regarding  gastric  insul'tlation  and  barotrauma.  Amer- 
ican Heart  Association  tAHA)  standards  state  that  the  flow 
Irom  these  devices  should  be  40  1,/min  (JAMA  I486;2?5: 
2*^)34)  Stud_\  Question:  What  is  the  ellect  ot  changes  in  lung 
comphance  and  inlet  pressure  on  the  tlou  delivered  from  an 
0:-povvered  resuscitator.'  Methods;  A  Life  Support  Products 
and  an  C)-Two  Systems  Orpowered  resuscitator  were  e\alu- 
aled.  An  adjustable  regulator  was  used  to  alter  tlie  inlet  O: 
[iressure  to  the  resuscitator.  Inlet  pressures  of  30.  35.  40.  45, 
50.  55.  and  60  psi  were  used  and  confirmed  with  a  calibrated 
Timeter  RT-2()().  Flow  was  directed  from  the  0:-powered 
resuscitator  into  a  Michigan  Instruments  TTL  for  1.5  s  and 
measured  by  an  in-line  calibrated  Timeter  RT-200.  Com- 
pliance settings  of  0.015.  0.02.  0.05.  and  0.1  L/cm  H:0  were 
used:  5  measurements  were  made  for  each  combination  of 
pressure  and  compliance  settings  for  each  resuscitator.  Sta- 
tistical anaKsis  consisted  of  ANOV.^  and  calculation  of  mean 
(SD).  Results:  The  mean  |SD)  flows  (L/min)  measured  were 
26.9  (1.3).  30.1  (1.9).  32.7  (1.9),  36.9  (0.8),  40.0  (1.2),  42.8 
I  1 .3),  and  45.9  ( 1 . 1 )  at  pressures  of  30.  35,  40,  45,  50,  55,  and 
60,  respectively  (p  <  0.(X)1).  Differences  were  significant 
between  the  resuscitators  (p  =  0.02)  but  too  small  to  be  con- 
sidered important  (<  3  L/min).  Changes  in  lung  compliance 
had  no  significant  effect  on  the  flow  from  the  resuscitators  (p  = 
0.56).  Conclusions:  The  principal  concern  with  0;-powered 
resuscitators  has  been  related  to  their  high  flows,  and  current 
.AHA  standards  state  that  the  flow  from  these  devices  should 
be  40  L/min.  Our  data  indicate  that  the  flow  from  0:-powered 
resuscitators  is  dependent  on  their  operating  pressures.  At  low 
inlet  pressures,  as  may  occur  with  a  faulty  regulator,  the 
related  decrease  in  flow  may  seriously  compromise  volume 
delivery.  .At  an  inlet  pressure  of  30  psi  and  an  inspiratory  time 
of  1.5  s  (as  recommended  by  the  AHA).  Vj  delivered  will  be 
0.67  L  (less  than  the  0.8  L  recommended  by  the  AHA).  This 
low  flow  might  also  increase  the  work  of  breathing  for  a 
patient  breathing  spontaneously  from  the  resuscitator.  Res- 
piratory care  practitioners  (RCPs)  may  use  these  devices  infre- 
quently during  in-hospital  resuscitation.  However,  because 
RCPs  are  frequently  responsible  for  the  training  of  other  per- 
sons in  emergency  \entilation  techniques  (such  as  paramedics 
and  EMTs).  thev  should  be  familiar  with  the  operation  of  these 
devices.  Our  data  provide  additional  evidence  to  suggest  re- 
c\aluation  of  the  use  of  0:-powered  resuscitators  during  CPR. 
When  0;-powered  resuscitators  are  used,  it  is  important  that 
appropriate  qualitv  control  measures  be  used  to  assure  that  the 
regulator  is  providing  a  pressure  of  50  psi.  (OF-9 1-031 ) 

Use  of  the  Fenem  End-Tidal  CO:  Detector  in  Patients  in 
Cardiac  Arrest— David  R  Eitel  MD.  Dean  Hess  MEd  RRT. 
Rodnev  Drawbaugh  BS  E.MT-P.  Cynthia  Ogden  BS.  York 
Hospital.  )'<>rk,  Peiinwlvuniu. 

The  Fenem  End-Tidal  CO:  Detector  is  a  device  that  produces  a 
discernible  color  change  (purple  to  yellow)  at  PcicO;  >  2%  (15 
torr  at  sea  level).  The  principal  manufacturer-suggested  appli- 
cation of  this  device  is  to  confirm  endotracheal  tube  (ETT) 
position  (tracheal  vs  esophageal).  Previous  work  has  shown 


that  Piico;  is  often  very  low  during  cardiac  arrest,  and  that 
patients  in  cardiac  arrest  with  an  PciC'O:  <  15  lorr  are  unlikel> 
to  be  successfully  resuscitated  (JAMA  1989;262:1347-1351). 
.Study  Question:  Is  the  lenem  Pcico-  detector  useful  during 
cardiac  ancst  to  predict  the  likelihood  of  successful  resuscita- 
tion.'  Methods:  The  study  population  consisted  of  30  patients 
in  cardiac  arrest  in  the  field  (median  age  69  y.  23  men.  7 
women).  Following  intubation  and  during  bag-valve  ventila- 
tion, the  presence  of  cyclic  inspiratory/e.xpiratory  color 
changes  (purple/yellow)  were  noted  on  the  Fenem.  Correct 
ETT  position  was  confirmed  by  visualization  of  the  ETT  pass- 
ing through  the  vocal  cords  and  clinical  assessment  (eg,  aus- 
cultation of  chest  and  epigastrium).  All  intubations  were  per- 
formed by  prehospital  ALS  providers  who  were  skilled  in  the 
technique  of  ET  intubation.  Return  of  spontaneous  circulation 
(ROSC)  was  noted,  and  was  defined  as  return  of  a  palpable 
pulse  and  detectable  blood  pressure.  Results:  Cyclic  color 
changes  were  noted  on  the  Fenem  in  only  9  of  the  30  cases 
(sensitivity  for  detection  of  tracheal  intubation  =  30%).  ROSC 
occurred  in  6  patients.  The  sensitivity  of  the  Fenem  for  detec- 
tion of  ROSC  was  83'vf  (5/6).  and  the  specificity  was  also  83% 
(20/24).  The  positive  predictive  value  of  the  Fenem  for  detec- 
tion of  ROSC  was  only  56%  (5/9),  but  the  negative  predictive 
value  was  95%  (20/21).  In  3  cases,  the  Fenem  was  unusable 
after  contamination  with  endotracheal ly  instilled  epinephrine 
or  pulmonary  edema  fluid.  Conclusions:  Because  of  the  low 
PeiCO;  levels  that  occur  during  cardiac  arrest,  cyclic  color 
changes  ma>  not  occur  on  the  Fenem  despite  tracheal  intuba- 
tion. If  contamination  from  drugs  administered  by  the  endo- 
tracheal route  or  pulmonary  edema  fluid  is  likely,  the  device 
should  be  temporarily  removed  from  the  airway.  Failure  of  the 
Fenem  to  produce  cyclic  color  changes  in  correctly  intubated 
patients  in  cardiac  arrest  suggests  that  ROSC  may  be  unlikeU 
in  these  patients  (negative  predictive  value  of  95%  for  ROSC). 
Further  work  is  needed  in  both  the  prehospital  and  inhospital 
environments  to  ev  aluate  use  of  the  Fenein  to  predict  patients 
likely  to  have  ROSC.  (OF-91-034) 


Kvaluation  of  the  Bauman  and  BagEasy  Adult  Manual 
Resuscitators — Thomas  A  Barnes  EdD  RRT.  Northeastern 

University,  Boston.  Massachusetts. 

The  Bauman  Disposable  Adult  Manual  Resuscitator  (General 
Medical  Products  Ltd,  Santa  Monica  CA)  is  smaller  than  the 
BagEasy  Adult  Disposable  Manual  Resuscitator  (Respironics 
Inc,  Monroeville  PA)  (9.5  x  4.0  vs  15  x  4.5  in).  The  Bauman 
squeeze  bag  is  approximately  1/2  the  volume  of  BagEasy 
(1.250  vs  2,100  mL).  Both  units  claim  to  deliver  an  average 
one-hand  Vt  of  >  750  mL  and  are  the  only  disposable  resus- 
citators available  with  either  a  permanently  attached  PEEP  or 
expiratory  retard  device.  The  Bauman  has  a  manometer  built 
into  the  device.  Method:  I  tested  the  de\  ices  against  the  Amer- 
ican Society  for  Testing  and  Materials  (ASTM  Standard  F- 
920-85  Committee  on  Standards,  Philadelphia,  1985:1-22)  and 
International  Organization  for  Standardization  (ISO  Standard 
8382: 19881  E|  prepared  by  the  Technical  Committee  ISOATC 
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121,  Anaesthetic  and  Respiratory  Equipment,  ISO,  New  York, 
1988:1-23)  by  using  a  lung  model,  the  Bio-Tek  VT-1  Ven- 
tilator Tester  (Bio-Tek  Insirunicnls,  Winooski  VT).  The  VT-1 
was  set  at  a  compliance  of  0.02  L/cm  H:0  |0.20  lAPa|  and  a 
resistance  of  20  cm  H:0/L/s  (2  kPa/L/s)  as  specified  by  ASTM 
and  LSO.  Results:  Both  of  the  resuscitators  met  the  ventilation 
requirements  for  Vj  and  f  {600  ml.  x  20)  and  l:E  <  1:1.  Stan- 
dard F-920  and  Standard  ,S.^X2  specify  F-|x)2  of  >  0.85  with 
attachments.  Both  met  F-920  and  8382  standards  for  Fdo:  with 
attachments  at  21°C  (Bauman  Fdo:  0.85  and  BagEasy  Fdo: 
1  .(K)).  Only  BagEasy  could  deliver  the  AHA-recommended  Vt 
(S(K)  niL).  f  (12/min).  and  1:E  (<  1:2).  Bauman  delivered  only 
750  niL  with  a  2-hand  ma.ximum  stroke  volume  delncred  into 
the  VT-1  as  configured.  Bauman  had  Fdo:  of  0.83  and  0.79  at 
higher  minute  volumes  (\fe)  of  9.0  L/min  (750  mL  x  12/min) 
and  12  L/min  (600  mL  x  2()/min).  BagEasy  had  Fdo:  1.00  at 
\fe  9.6  L/min  (800  mL  x  12/min)  and  12  L/min  (600  mL  x  20/ 
min).  The  Bauinan  resuscitator's  Fdo:  was  significantly  lower 
in  all  three  configurations  (ANOVA,  p  <  0.0001).  Both  units 
passed  the  test  for  backward  leakage:  however,  a  substantial 
forward  leak  was  observed  with  Bauman  at  Vy  >  600  mL. 
uhich  prevented  the  unit  from  delivering  more  than  750  mL 
when  used  to  ventilate  the  VT-1.  BagEasy  did  not  have  a  for- 
ward leak.  Both  resuscitators  passed  the  shock  tolerance  (1 
meter  drop  to  a  concrete  floor).  The  PEEP  device  on  BagEasy 
when  adjusted  to  ■■15"  held  15  cm  H2O  of  end-expiratory  pres- 
sure throughout  the  respiratory  cycle  and  lesser  amounts  of 
PEEP  also  were  held  without  loss  of  baseline  pressure.  The 
Bauman  expiratory  retard  extended  exhalation  up  to  6  s  in  the 
full  "'on"  position  when  a  2-hand  maximal  stroke  volume  was 
delivered  to  the  VT-1.  Bauman  was  unable  to  maintain  PEEP 
at  any  preset  constant  level.  Conclusion:  The  smaller  size  of 
the  Bauman  ventilator  appears  to  affect  its  ability  to  meet  the 
AHA  recommendation  for  Vi  when  u.sed  to  ventilate  a  lung 
analog  set  at  a  low  compliance  and  high  resistance.  The  Bau- 
man resuscitator  may  be  a  good  choice  when  space  is  limited: 
however,  practitioners  should  be  aware  of  its  limited  Fdo:  and 
Vt  capability.  BagEasy  remains  the  only  disposable  manual 
resuscitator  with  a  true  PEEP  capability  built  into  the  unit. 
BagEasy  appears  to  be  a  good  choice  when  a  large  Vj  and 
high  Fix);  with  PEEP  are  required.  Further  study  of  the  Bau- 
man should  be  done  to  investigate  the  potential  of  its  expir- 
atory retard.  (OF-91- 158) 

Ncnlllatory  Volumes  Using  Mouth-to-Mouth.  Bag- Valve- 
Mask,  and  Pocket  Face  Mask — Thomas  A  Barnes  EdD  RRT, 
Gavin  Adams  BS  CRTT.  Northeastern  University,  Boston. 
Massachusetts. 

The  volumes  delivered  to  a  resuscitation  mannequin  were  com- 
pared using  mouth-to-mouth  (MO/MO),  bag-valve-mask 
(BVM),  and  a  one-piece  silicone  (surgical-type)  pocket  mask 
that  has  a  central  airway  leading  to  a  one-way  \alve  (Kiss  of 
Life.  KOL.  Brunswick  Biomedical  Technologies  Inc,  Ware- 
ham  MA).  Skill  with  each  device  was  checked  against  the 
AHA  recommendation  of  12  ventilation.s/min,  each  with  Vt  > 
SOO  ml..  Method:  We  assessed  the  abllitv  of  10  respiratory 


therapy  students  10  \entilate  a  Laerdal  Recording  Resusci 
Anne  calibrated  with  a  supersyringe  so  that  the  green  feedback 
light  flashed  when  a  8()()-mL  Vt  was  delivered.  All  10  students 
had  been  certified  In  BCLS  (5  within  the  last  8  1110).  Each  \en- 
lllatory  technique  was  evaluated  In  three  segments:  ( 1)  practice 
with  the  green  feedback  light  visible,  (2)  2-min  assessment 
with  chest  compressions  without  feedback  from  green  light, 
and  (3)  10-min  ■settling  in'  assessment  with  chest  compres- 
sions without  feedback.  A  2-person  CPR  ratio  of  5:1  compres- 
sions to  ventilation  with  12  ventllatlons/min  was  delivered  to 
the  mannequin.  The  number  of  80()-mL  Vts  delivered/min  was 
recorded.  In  the  first  segment,  the  number  of  tries  to  achle\e  a 
successful  8()()-mL  Vi  was  recorded.  BVM  was  done  with  a 
Code  Blue  adult  manual  resuscitator  using  the  FATS  (face- 
and-lhigh  system)  approach  described  by  Cummins  (Ann 
EmeraMed  1986,15:1187-1192).  Results: 


MO/MO 

B\.\! 

KOL 

Practice  tries* 

1.5(0.8) 

1.6(0.8) 

5.3  (5.3) 

2-min  assesst 

10.8(2.9) 

9.1  (4.5) 

5.3(5.1) 

10-min  assesst 

9.8(3.8) 

8.3  (4.2) 

4.0  (4.2) 

*Mean  (SDi  practice  lrie>>  before  a  successful  800  mL  ventilation. 
tAll  values  are  mean  (SDi  successful  800  mL  Vy/min. 

No  significant  differences  existed  helwecn  MO/MO  and  B\M 
during  practice,  2-min  assessment,  and  lO-min  assessment 
(ANOVA,  p  =  0.81,  0.33,  0.39.  respectively).  Significant  dif- 
ferences existed  between  practice  tries  when  the  KOL  was 
compared  to  MO/MO  and  BVM  (ANOVA,  p  <  0.05)  and 
between  lO-mIn  assessments  when  the  KOL  was  compared  to 
MO/MO  and  BVM  (ANOVA,  p  <  0.01  and  p  <  0.05,  respec- 
tively). Conclusions:  BVM  can  be  used  to  deliver  800  mL  Vy 
at  a  success  rate  very  close  to  that  achieved  with  MO/MO 
when  the  FATS  approach  is  used,  ll  appears  that  It  is  difficult 
to  meet  the  .\\\.\  \'  \  recommendation  using  the  KOL  pocket 
face  mask.  More  study  is  needed  on  the  si/e  of  the  Vj  deliv- 
ered with  the  KOL  device.  (OF-91-159) 

.Vn  K\aluati(m  of  the  Esophageal  Detector  Device — Douglas 
Obcrl>  CRTT.  Scoll  Stem.  Dean  Hcsv  \lld  RRT.  Da\id  Eltel 
MD,  Mark  Simmons  MS  RPFT  RRT.  WnV  Hospital.  York. 
Pcnnsylvaniii. 

Esophageal  mtuballon  is  a  serious  complication  If  unrec- 
ognized. Although  PcicO;  is  the  recognized  standard  for  detec- 
tion of  esophageal  intubation,  this  method  is  unreliable  during 
cardiac  arrest  w  hen  PciCO:  is  \  er>  lov\ .  An  esophageal  detector 
device  (EDD I  has  been  described  to  detect  esophageal  Intuba- 
tion (Anaesthesia  1989:44:412).  The  EDD  consists  of  a 
syringe  or  squeeze  bulb  that  generates  a  negative  pressure  on 
the  ETT.  If  the  ETT  is  placed  in  the  trachea,  gas  can  be  aspir- 
ated with  minimal  resistance;  If  it  is  placed  In  the  esophagus, 
gas  cannot  be  withdrawn  and  a  negative  pressure  or  resistance 
is  produced.  We  have  had  the  opportunilv  lo  evaluate  the  pat- 
ented prototype  of  a  squeeze-bulb  EDD  (SuctionEasy,  Res- 
pironics,  Murrysville  PA).  Study  Question:  Does  the  EDD 
rellablv  illffcicntlalc  helwecn  esophageal  and  Uacheal  Inluha- 
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tiiiii"'  Methods:  Fdllinving  the  appnnal  of  our  Institutional 
Kc\  icu  C'liiDiiullcc.  the  study  v\as  conducted  in  the  Emer- 
gency Department  using  10  recently  deceased  subjects  (9  men. 
1  woman,  age  50-72  y).  An  8-mm-ID  EIT  was  placed  orally 
mto  the  trachea,  and  a  second  8-mm-ID  tube  was  placed  orally 
mlc)  the  esophagus.  Both  tubes  extended  the  same  distance 
from  the  moulh.  The  lube  cults  were  not  mnated.  The  tubes 
were  randomly  marked  as  A  or  B  so  that  Ihe  exahiators  would 
not  know  which  tube  was  in  the  trachea  and  which  was  in  the 
esophagus.  Alter  tube  placement,  the  EDD  was  used  by  ALS 
providers  (physicians,  nurses,  paramedics,  respiratory  ther- 
apists) to  determine  whether  a  tube  was  in  the  trachea  or  the 
esophagus.  Evaluators  had  been  instructed  ui  the  use  ol  the 
EDD  prior  to  participation  in  the  study,  were  not  present  when 
Ihe  lubes  were  placed,  and  were  permitted  I  trial/subject.  Mul- 
tiple evaluators  were  allowed  for  each  subject.  The  bulb  of  the 
EDD  was  squeezed  by  the  evaluator  w  ho  then  attached  it  to  the 
ETT.  The  bulb  inllation  rate  was  assessed  by  Ihe  evaluator  as 
mimediate  inllation.  delayed  inllation.  or  no  inflation  and  the 
llnduigs  recorded.  Results:  A  total  of  45  trials  were  performed 
on  the  subjects  (median  4  evaluations/subject,  range  1-8).  For 
the  tracheal  tube,  the  EDD  inflated  immediatelv  in  all  eases;  it 
was  thus  lOO'f  correct  in  identification  of  tracheal  intubation. 
For  the  esophageal  tube,  the  EDD  did  not  inflate  in  44  cases. 
and  in  one  case  it  filled  with  vomitus:  it  thus  correctly  indi- 
cated esophageal  intubation  in  all  cases.  In  none  of  the  cases 
did  Ihe  EDD  have  a  delayed  inllation.  All  e\alualors  indicated 
that  Ihe  EDD  was  simple  and  easy  to  use.  Conclusions:  In  this 
study  using  deceased  subjects,  the  EDD  correctly  indicated  tra- 
cheal and  esophageal  intubation  in  all  cases.  It  was  simple  to 
use  and  is  inexpensive.  Further  work  is  needed  to  evaluate  the 
usefulness  of  this  device  in  determination  of  correct  ETT 
placement  in  patients  following  emergency  intubation.  (OF- 
91-035) 

Altitude  and  Temperature  Effects  on  Bag-Mask  Resus- 
citator  Performance — D  Theron  Van  Hooser  MEd  RRT. 
Vencor  Institute  for  Oxygen  Therapy.  Denver.  Colorado: 
Tammi  Kewatz  AA  CRTT.  Mountainview  Hospital,  Paxson. 
Utah:  Karen  Len/  AA  CRTT,  Mc  Kay  Dee  Hospital,  Ofiilcn. 
Utah. 

Study  Question:  How  do  altitude,  temperature,  storage  loca- 
tion, and  use  of  2  hands  affect  volume  and  rate  delivery  capa- 
bility of  9  different  brands  of  disposable  and  6  different  brands 
of  nondisposable  resuscitalors,  as  utilized  by  Ihe  National  Ski 
Palro!\'  Method:  This  study  was  done  in  two  parts — Part  1  in 
winter  1989-90,  Part  II  in  winter  1990-91.  Ski  palrollers  and 
respiratory  care  practitioners  trained  and  familiar  with  equip- 
ment function  volunteered  to  perform  data  collection.  Stroke 
volume,  minute  solume,  and  maximum  rales  were  collected  in 
a  Bio-Tek  VT-I  lung  analog  with  compliance  set  at  0,02  L/cm 
H;0  [0.2  L/kPa]  and  parabolic  resistor  r20  in  line.  Data  were 
collected  in  the  lab  and  on  the  mountaintop  at  the  ski-patrol 
shelter.  Conditions  were  Part  I  lab  22'C,  altitude  6,520  ft;  mm 
-IXC.  altitude  10,4.50  ft.  Part  11  lab  was  22  C  and  mtn  -14  C. 
Order  was  random,  and  all  bags  were  squeezed  without  gloves. 
Results:  Usina  matched  and  unmatched  t  tests,  we  found  that 


there  was  no  significant  difference  in  rate  (p  =  0.298)  or  stroke 
\olume  (p  =  0.4.^8)  capabilities  between  disposable  and  non- 
disposable  in  the  lab  in  either  part  of  the  study:  however,  at  the 
mountaintop,  rates  were  significantly  reduced  (p  <  0.001), 
w  hile  the  stroke  volume  remained  the  same.  Mountaintop  con- 
ditions also  affected  the  minute  volume  (p  <  0.001 1.  In  Part  II 
some  of  the  same  bags  were  tested,  and  the  mountaintop  condi- 
tions were  warmer.  No  significant  rate  difference  existed 
between  the  disposable  and  nondisposable  groups  (p  =  0.852). 
Stroke  and  minute  volumes  were  also  not  significantly  differ- 
ent (p  =  0.784  and  0.215.  respectively).  In  both  parts,  use  of 
two  hands  made  significant  differences  in  ability  to  deliver 
tidal  \olumes  (p  <  0.001  by  ANOVA).  Site  did  not  affect  the 
tidal  volumes  but  did  affect  the  rate  capabilities.  Conclusions: 
Significant  decreases  in  rate  (hence  minute  volume)  were 
caused  by  temperature  but  not  altitude.  Tidal  volumes  were 
essentially  Ihe  same  in  both  locations  for  both  groups  of  bags. 
Two-handed  use  delivers  greater  volumes  in  both  locations  and 
should  be  used  for  actual  resuscitation.  All  bags  (disposable 
and  nondisposable)  should  be  stored  indoors  prior  to  use.  (OF- 
91-121) 


Ventilatory  Modes,  Systems,  and  Vagaries 

Effects  of  Working  Pressure  (WP)  and  Endotracheal  Tube 
Size  on  Gas  Delivery  during  Pressure-Support  Ventilation 
(PSV)  with  the  Servo  900C— Arthur  A  Tall  MHS  RRT. 
Franklin  H  Dennison  MEd  RRT.  Medical  College  of  Georgia, 
Aiigii.stci.  Georf;ia. 

We  studied  the  effects  of  varying  working  pressure  (WP)  on 
peak  tlow  (PF)  and  tidal  volume  delivery  (Vt-ji.])  through  dif- 
ferent-sized endotracheal  tubes  (ETTs)  during  pressure- 
support  ventilation  (PSV)  using  the  Servo  900C.  We  used  a 
previously  described  lung  model  (Chest  1985;88:519-526). 
The  TTL  model  was  further  modified  to  allow  placement  of  a 
#2  Fleisch  pneumotach  at  the  lung  inlet  to  measure  delivered 
fiows  and  the  volumes  distal  to  various-sized  ETTs.  Patient 
breath  initiation  was  simulated  with  an  MA  2-1-2  ventilator  (f 
17.  V40  L/min.  Wj  100  mL).  PSV  level  (30  cm  H:0)  and  test 
lung  compliance  (0.03  L/cm  H:0)  were  constant  throughout 
the  experiment.  All  data  were  collected  with  an  MI-2  signal 
processing  center  interfaced  with  a  Zenith  386  microprocessor. 
WP  was  varied  in  5-cm  H:0  increments  from  45  to  1  15  cm 
H;0  (although  all  aren't  shown)  for  each  different  ETT  size 
(6.0,  7.0,  8.0,  9.0  mm  ID). 


Tube 

Size        Variable 


45 


Working  Pressure  (cm  H2O) 

.'i.'i  6.5 


7.5 


6.0       VT-dcjlmL)  781(0.75)  756(0.79)  749(2.16)  756(2.56) 

PF  (L/min)  63(0.14)  69(0.12)  71(0.58)  72(0.68) 

7.0       Vj-dcKmL)  786(0.74)  749(1.6.1)  696(1.94)  688(3.45) 

PFlLVmin)  71(0.38)  82(0.58)  86(0.64)  89(0.55) 

8.0       VT-dcllmL)  822(0.72)  790(0.83)  792(1.21)  781(2.06) 

PFlL/minl  74(0.31)  97(0.60)  103(0.83)  107(0.78) 

9.0      VT-dcllmL)  843(0.53)  829(0.47)  826(0.97)  798(1.82) 

PF(l./min)  86(0,41)  107(0..39)  117(1.41)  123(1.16) 
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Tube 


Working  Pressure  (cm  H2O) 


Size 

Variable 

45 

55 

65 

75 

6.1) 

Vt-JcI  (mLl 

755(1. .18) 

755  (3.23) 

744(4.51) 

740  (2.79) 

PF(Uminl 

71  (0.62) 

73(0.53) 

73  (0.87) 

74(0.61) 

7.0 

Vt-JcI  (niLi 

690  (.V 17) 

696  (4.46) 

696  (3.54) 

693(3.12) 

PF(L/min) 

91  (0.65) 

92(0.81) 

91  (0.83) 

92  (0.69) 

8,0 

VidirHmL) 

778(0.61) 

764(2.75) 

771  (1.26) 

759(3.12) 

PK(iymin) 

11.1(1.27) 

117(1.37) 

122(1.77) 

120(1.95) 

y.o 

VT-jt|{mI.I 

789  (.1.14) 

784(0.75) 

783(1.77) 

786  (2.45) 

PF(L/mln) 

128(1.75) 

1.33(1.55) 

1.36(2.08) 

138(2.22) 

Note:  .Ml  values  arc  rcponed  .is  mean  (SF.M);  n  =  15  lor  all  groups. 

StatistiL-al  analysis  by  ANOVA  revealeii  a  significant  inter- 
action hetween  WP  and  V|  j,.|  ancJ  PF  in  all  ETT  sizes  (p  < 
().()() I ).  although  the  effects  of  WP  with  the  6.0-mm  ETT  were 
less  pronounced  than  those  of  the  other  ETT  sizes.  Vr.dei 
decreased  and  PF  increased  as  WP  was  increased.  A  sig- 
nificant interaction  was  seen  between  ETT  si/e  and  V|  jd  and 
PF  (p  <  0.001).  PF  decreased  as  ETT  size  decreased.  Vrjci 
tended  to  decrease  with  ETT  size  except  in  the  6.0-nim  ETT. 
which  unexpectedly  showed  larger  volumes  at  higher  WPs 
than  the  7.()-iTim  ETT.  These  results  indicate  that  when  using 
PSV  with  the  Servo  90()C.  WP  and  ETT  size  will  intluence  PF 
and  Vj  j^.|:  but  in  a  6.0-mm  ETT.  changing  WP  has  little  effect. 
They  further  indicate  that  increasing  WP  may  help  meet  high 
patient  flow  demands  but  may  also  require  increasing  PSV 
level  to  maintain  Vt.jei.  In  a  patient  with  low  How  deinands. 
decreasing  WP  may  increase  Vim.  Further  studies  are  needed 
to  determine  how  adjusting  WP  will  affect  gas  delivery 
through  smaller-sized  ETTs  as  well  as  at  varying  PSV  levels, 
and  how  WP  may  affect  iiDposed  work  of  breathing  during 
PSV.  especially  in  the  presence  of  high  inspiratory  flow 
demands  and  large  Vrs.  (OF-9 1-019) 

Effects  of  High  Inspiratory  Flow  Demands  on  Pressure- 
Support  N  entilation  Franklin  H  Dennison  N4Ed  RRT. 
Arthur  A  Tail  MHS  RRT  Medical  College  of  Georgia. 
Aufiusia.  Georgia. 

Using  a  training  test  lung  (TILl  (Chest  l9S.'S;cS8:519-.'>26).  we 
studied  the  effects  of  high  spontaneous  flow  demands  on  pres- 
sure-support ventilation  (PSV)  as  working  pressure  (WP)  was 
\aried  in  lO-cm  H:()  increments  from  ."iO-l  10.  using  the  Servo 
9()0C.  Results  were  compared  lo  conditions  of  minimal  spon- 
taneous flow  demand  (F,,,,,,).  Hypothesis:  Under  conditions  o! 
high  flow  demand,  peak  inspiratory  flow  rate  and  V'l  delivered 
(Vr  dti)  hy  the  test  ventilator  would  increase  as  WP  was 
increa.sed.  Patient  flow  demand  iFjom)  was  simulated  with  an 
MA  2+2  ventilator  by  setting  demand  tidal  volume  (Vyjcm)  at 
80%  (±5%)  of  the  V|  delivered  by  the  Servo  900C.  Demand 
flowrates  on  the  MA  2-1-2  were  set  at  60.  80,  and  1 00  L/min  (± 
59c).  We  set  the  V,  at  100  niL  and  flow  at  40  l./min  for  F„„„. 
We  modified  the  TTL  so  that  a  #2  Fleisch  pneumotach  could 
be  placed  at  the  lung  inlets  to  measure  demand  and  delivered 
flowrates.  Lung  compliance  for  each  lung  was  set  at  0.0.^  L/cm 
H:(X  and  the  ventilator  circuit  was  attached  to  a  9.0-mm  ETT. 
The  PS  le\el  (PSL)  on  the  Servo  was  set  at  .^0  cm  H;()  and 
sensitivity  at  -2  cm  H;0  throughout  the  study.  An  MI-2  signal 
processing  center  interfaced  with  a  Zenith  386  microprocessor 
was  used  for  data  acquisition  and  flow-volume   integration. 


Statistical  analysis  by  ANOVA  showed  significant  interaction 
between  WP.  Vr-jd.  and  peak  flow  (PF)  (p  <  0.001).  As 
hypothesized.  PF  delivery  (Fjd)  increased  with  an  increase  in 
WP  for  all  flow  demands.  Volume  delivery  decreased  with 
increases  in  WW  Results: 


Fdcm 

Fdd 

SD 

% 

Vldc-I 

SD 

', 

(L/min) 

( L/min  1 

increase 

decrease 

rmin 

102-1.^9 

6.7 

36.3 

832-785 

5.7 

5.6 

60 

104-143 

4.6 

37.5 

836-790 

7.8 

5.4 

80 

108-148 

6.1 

37.0 

827-766 

8.9 

7.4 

100 

116-1.S9 

4.6 

37.0 

820-766 

5.4 

6.6 

Data  indicate  that  altering  WP  has  similar  effects  on  PF  and  Vi 
irrespective  of  flow  demands.  These  data  are  clinically  impor- 
tant, suggesting  that  under  conditions  of  stress  an  elevation  in 
patient  inspiratory  flow  demand  can  be  better  met  by  increas- 
ing the  le\el  of  WP.  There  may  be  some  risk  of  compromising 
patient  ventilation  due  to  the  reduction  in  Videi.  but  this  can 
easily  be  compensated  for  by  increasing  the  PSL.  We  believe 
further  research  is  needed  to  measure  work  of  breathing  and 
gas  exchange  under  conditions  oi  high  flow  demand  and  poor 
lung  compliance  betore  pressure  support  can  be  considered  a 
primarv  mode  of  ventilation  in  the  intensive  care  selling.  (OF- 
91-020) 

Evaluation  of  the  Bird  7001  \'cntilator  under  Hyperbaric 
Conditions — John  L  \anR\ncn  R.N  RR  1 .  .Medical  College 
Hospitals.  Toledo.  Ohio. 

.\  hvpcrharic  ventilator  must  he  capable  ol  optimal  function  m 
spite  of  increasing  ambient  pressure  and  gas  densitv  (D).  The 
Bird  7001  ventilator  meets  this  criteria  v  ia  ulilizatit)n  of  inspir- 
atory flow  acceleration  (IFA).  expiratory  flowrate  (EF).  and  a 
secondary  gas  source  from  an  entrainment  reservoir  bag 
(ERBl.  Method:  A  Bird  7001  ventilator  was  mounted  in  our 
hyperbaric  chamber  connected  to  a  Manles  lung  simulator  via 
an  IPPB  circuit.  Compliance  was  30  niL/cm  H;0.  resistance  8 
cm  H:0/L/s.  f.  Vr.  ti.  and  PIP  were  adjusted  for  baseline  set- 
tings of  12.  800  mL.  1.0  s.  and  24-30  cm  H:0.  then  monitored 
via  Wright  Respirometer  and  stopwatch  throughout  6  test  dives 
ranging  from  1  to  6  atmospheres  absolute  (.AT.Xl  pressure  (1 
ATA  =  760  torn.  Compressed  air.  O:.  and  80-20  heliox  were 
used  to  power  the  7001.  Drive  pressure  was  maintained  at  a 
gradient  o\  50  psig  over  ambient  pressure  during  compression. 
Results:  t,  lengthened  (>  1.5  s)  as  D  increased  but  could  be 
adjusted  back  to  baseline  by  use  of  IFA  and  ERB.  Tests 
beyond  4  ATA  required  heliox  to  decrease  the  D  of  the  carrier 
gas.  thereby  allowing  ti  to  approach  baseline  (<  1.5  s).  Use  of 
the  EF  removed  back  pressure  from  the  IPPB  circuit,  f.  Vt. 
and  PIP  cotild  also  be  adjusted  back  to,  or  near,  baseline  l< 
W9c  change)  when  final  driving  pressures  were  reached,  as 
long  as  ti  remained  near  baseline.  Conclusions:  Our  tests  indi- 
cate (1)  the  Bird  7001  ventilator  is  effective  as  a  hyperbaric 
ventilator  up  to  6  AT.\;  (2)  maintenance  oft,  at  baseline  is  crit- 
ical for  optimal  ventilation  under  pressure;  and  (3)  using  the 
IFA,  EF.  and  ERB  incorporated  in  the  7001  allows  satisfactory 
compensation  for  increases  in  D.  Our  clinical  experiences  with 
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over  200  cases  during  the  past  5  years  have  proven  the  stated 
findings  to  be  true.  We  therefore  recommend  the  Bird  7001 
ventilator  for  use  in  the  hyperbaric  environment.  (OF-9 1-044) 


Flow-Resistive  Characteristics  of  4  Threshold  Resistor 
F;.\piratory  Positive  Pressure  (EPP)  Valves — Harald  Mang 
MP.  Syhestcr  Barker.  Mary  C  Cycyk-Chapman  BS  RRT. 
Robert  M  Kacmarek  PhD  RRT.  Massachusetts  General  Hos- 
pital. Boston.  Massacluisc'lts. 

Introduction:  To  apply  CPAP.  threshold  resistor  EPP  valves 
arc  rcLoniniended  to  stabili/e  EPP  level  and  to  minimize  the 
imposed  work  of  breathing  (WOBimp).  Methods  &  Materi- 
als: Using  a  training  test  lung  (TTL),  we  measured  peak  expir- 
atory pressure  (PEP),  peak  sub-baseline  inspiratory  pressure 
(PSIPl,  and  WOBimp  in  4  EPP  valves  (Amhu  PEEP  20.  Inter- 
tec  Inspiron.  Respironics.  Vital  Signs)  during  simulated  spon- 
taneous breathing  (SP).  A  Puritan-Bennett  7200  was  used  to 
power  one  chamber  of  the  TTL.  which  caused  the  other  cham- 
ber to  rise  simulating  SP  (Vj  0-4  L.  1:E  1:2.  peak  flow  40  L/ 
min,  f  20).  We  tested  3  valves  of  each  type  at  .^  CPAP  levels 
(5,  10,  and  13  cm  H;0)  and  .^  continuous-flow  CPAP  system 
flow  settings  (30,  50,  and  70  L/min).  Inspiratory  WOBimp 
(inWOBimp)  was  defined  as  the  area  of  the  pressure-volume 
loop  between  a  vertical  line  at  the  system's  CPAP  level  and 
that  part  of  the  curve  established  by  pressures  bek)w  CPAP 
level.  Expiratory  WOBimp  (exWOBimp)  was  calculated  by 
subtracting  inspiratory  WOBimp  troni  total  WOBimp/breath. 
For  each  condition,  3  breaths  were  measured  and  averaged. 
Results:  We  report  mean  (SD)  results  at  10  cm  H:0  CPAP 
and  30  L/min  system  flow.  Data  at  other  settings  were  con- 
sistent with  trends  noted  below. 


valve  PSIP  IcmHiO) 


inWOBimp 


PEP 


exWOBimp 


(J/L) 
Amhu  4,13(0.23)  0.37(0.03) 

Inlenec  5.51(0.50)  0.39(0.03) 

Respironics       3,82  (0.36)  0.33  (0.02) 

Vila)  Signs         3,44(0.141  0,32(0,42) 


(cm  H:0)  (J/L) 

2,07(0,271  0.11(0.03) 

1.95(0.231  0.15(0.02) 

1.92(0.07)  0.13(0.01) 

2.40(0.22)  0.15(0.03) 


Kxperlcnce:  There  were  no  operational  problems  with  the 
Ambu  and  Vital  Signs  valves.  The  Intertec  Inspiron  and  Res- 
pironics valves  had  grossly  inaccurate  markings,  whistled 
throughout,  and  occasionally  fell  apart.  Conclusion:  We  dem- 
onstrated qualitative  as  well  as  quanlilalivc  differences  in  the 
flow-resistive  characteristics  of  V.VV  valves  that  influence 
patient  comfort  and  effort,  and  may  be  significant  during 
CPAP  weaning.  fOF-9 1-092) 

.Accurate  Bedside  Measurement  of  Intrinsic  PKKP  during 
Mechanical  Ventilation — Nancy  Thurman  Tendal  BS  RCP 
RRT.  David  M  Burns  MD.  F  Wayne  Johnson  RCP  RCPT, 
Richard  M  Ford  BS  RCP  RRT.  UC-San  Diegt)  Medical  Cen- 
ter. San  Dicfio.  California. 

Introduction:  The  development  ot  positive  end-expiratory 
pressure  (PliEP)  at  this  alveolar  level  due  to  insulficient  expir- 


atory time  is  termed  intrinsic  PEEP  (PEEPi).  We  evaluated  the 
accuracy  of  a  device  used  clinically  to  measure  intrinsic  PEEP 
by  comparing  measurements  made  within  a  lest  lung  (true 
PEEPi)  to  those  made  at  the  airway  opening  (measured 
PEEPi).  The  device  consists  of  an  open  elbow  with  a  remov- 
able cap  and  one-way  valve  to  prevent  hack  llou  and  is  placed 
in  the  inspiratory  circuit  at  the  Y  connector.  The  cap  is 
removed  during  the  expiratory  phase,  diverting  inspiratory  gas 
to  the  atmosphere.  The  one-way  valve  is  placed  distal  to  the 
elbow  valve  and  closes  the  remaining  ventilator  circuit  from 
the  airway  opening  to  the  exhalation  valve  allowing  alveolar 
and  airway  pressures  to  come  to  equilibrium.  Method:  .\  test 
lung  with  a  defined  compliance  was  ventilated  through  a  3- 
mm-ID  endotracheal  tube  to  produce  a  consistent  resistance 
using  a  Puritan-Bennett  7200a  ventilator.  Pressures  were  meas- 
ured in  the  test  lung  and  at  the  airway  opening  using  a  differ- 
ential pressure  transducer  and  were  observed  on  the  ventilator 
pressure  manometer.  Levels  of  PEEPi  from  0-40  cm  H:0  were 
produced  by  ventilating  the  test  lung  with  varying  f  and  I:E. 
Results:  There  is  a  marginally  lower  but  significant  difference 
between  the  value  observed  on  the  ventilator  pressure  manom- 
eter and  the  value  measured  using  the  differential  pressure 
transducer  at  the  airwav  opening  (p  <  0.3).  However,  the  maxi- 
mum difference  recorded  was  2  cm  H:0.  which  was  not  felt  to 
be  clinically  significant.  Experience:  The  measured  PEEPi 
using  the  elbow  configuration  of  the  \  alve  and  expiratorv  -hold 
maneuver  matched  the  true  PEEPi  up  to  an  intrinsic  PEEP  of 
approximately  23  cm  HiO.  The  underestimation  of  PEEPi  may 
be  caused  by  a  transfer  of  gas  from  the  lung  to  the  ventilator 
tubing  during  the  expiratory-hold  maneuver.  Conclusion:  The 
use  of  the  valved  elbow  provides  a  clinically  useful  method  for 
measurement  of  PEEPi  up  to  a  level  of  approximately  23  cm 
H:0.  At  pressures  >  23  cm  H:0.  the  PEEPi  reflected  on  the 
ventilator  manometer  may  underestimate  the  true  PEEPi.  (OF- 
91-096) 


Compliance  Characteristics  of  .\dult  \  entilator  Circuits — 

Robert  S  Campbell  RRT.  Richard  D  Branson  RRT.  James  W 
Osier.  University  of  Cincinnati  Medical  Center,  Cinrinnali. 
Ohio. 

Introduction:  Compressible  volume  iCV)  within  vcniilator 
systems  affects  V|  deliver)  and  iiieasurcnK-ni,  Volume  is  com- 
pressed inside  the  ventilator,  humidifier,  and  breathing  circuit 
(BC)  and  is  a  function  of  ventilation  pressure,  tubing  dis- 
tensibility,  and  total  volume  of  the  system.  .Method  &  Materi- 
als: We  measured  the  compliance  (C|  )  ot  17  BCs;  3  non- 
disposable  (ND),  3  heated  wire  (HW),  and  I  I  disposable  (D)  at 
room  temperature  (24°C)  and  at  34°C.  3  of  each  BC  were 
tested.  C]  was  measured  by  injecting  volume  in  lOO-mL  incre- 
ments mio  the  BC  (wiih  all  ports  capped)  from  a  calibration 
syringe  until  pressure  exceeded  120  cm  H:0.  Pressure  was 
continuoush  measured  with  an  RT-200  calibration  analyzer. 
Results:  The  tabic  shows  mean  (SD)  d  for  each  BC  at  24°C 
and  34°C. 
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SURVANTA®  (1040) 

beractant 

inlralracheal  suspension 

Sterile  Suspension  For  Inlratracheal  Use  Only 

INDICATIONS  AND  USAGE 

SURVANTA  IS  indicated  (or  prevention  and 
treatment  I  rescue")  o(  Respiratory  Distress 
Syndrome  (RDSl  (hyaline  membrane  disease) 
in  premature  infants  SURVANTA  significantly 
reduces  tfie  incidence  o(  RDS,  mortality  due  to 
RDS  and  air  leak  complications 
Prevention 

In  premature  infants  less  than  1250  g  birth 
weight  or  with  evidence  ot  surfactant  defi- 
ciency give  SURVANTA  as  soon  as  possible 
preferably  wittiin  15  minutes  ot  birth 
neseue 

To  treat  infants  with  RDS  confirmed  by  x-ray 
and  requiring  mechanical  ventilation,  give 
SURVANTA  as  soon  as  possible  preferably  by 
8  hours  o(  age 
CONTRAINDICATIONS 
None  known 
WARNINGS 
SURVANTA  !s  intended  (or  intratracheal  use  only 

SURVANTA  CAN  RAPIDLY  AFFECT  OXY- 
GENATION AND  LUNG  COMPLIANCE  There- 
fore, lis  use  should  be  restricted  to  a  highly 
supervised  clinical  setting  with  immediate 
availability  ot  clinicians  experienced  with  intu- 
bation, ventilator  management,  and  general 
care  o(  premature  infants  Infants  receiving 
SURVANTA  should  be  Irequenlly  monitored 
with  arterial  or  transcutaneous  measurement 
of  systemic  oxygen  and  carbon  dioxide 

DURING  THE  DOSING  PROCEDURE, 
TRANSIENT  EPISODES  OF  BRADYCARDIA 
AND  DECREASED  OXYGEN  SATURATION 
HAVE  BEEN  REPORTED  l(  these  occur,  slop 
the  dosing  procedure  and  initiate  appropriate 
measures  to  alleviate  the  condition  After  sta- 
bilization, resume  the  dosing  procedure 
PRECAUTIONS 
General 

Rales  and  moist  breath  sounds  can  occur 
transiently  after  administration  Endotracheal 
suctioning  or  other  remedial  action  is  not 
necessary  unless  clear-cut  signs  o(  airway 
obstruction  are  present 

Increased  probability  of  post-treatment 
nosocomial  sepsis  in  SURVANTA-treated 
infants  was  observed  in  the  controlled  clinical 
trials  (Table  3)  The  increased  risk  tor  sepsis 
among  SURVANTA-treated  infants  was  not 
associated  with  increased  mortality  among 
Ifiese  infants  The  causative  organisms  were 
similar  m  treated  and  control  infants  There 
was  no  significant  difference  between  groups 
in  the  rate  o(  post-treatment  infections  other 
than  sepsis 

Use  ot  SURVANTA  in  infants  less  than  600  g 
birth  weight  or  greater  than  1750  g  birth 
weight  has  not  been  evaluated  in  controlled 
tnafs  There  is  no  controlled  experience  with 
use  ot  SURVANTA  m  conjunction  with  experi- 
mental therapies  (or  RDS  {eg,  high-frequency 
ventilation  or  extracorporeal  membrane 
oxygenation) 

No  information  is  available  on  the  effects  of 
doses  other  than  100  mg  phospholipids  ko, 
more  than  (our  doses,  dosing  more  frequently 
than  every  6  hours,  or  administration  after 
48  hours  of  age 

Carcinogenesis.  Mutagenesis. 
Impairment  ot  Ferlility 
Reproduction  studies  m  animals  have  not  been 
completed   Mutagenicity  studies  were  nega- 
tive  Carcinogenicity  studies  have  not  been 
performed  with  SURVANTA 
ADVERSE  REACTIONS 

The  most  commonly  reported  adverse  experi- 
ences were  associated  with  the  dosing  pro- 
cedure In  the  multiple-dose  controlled 
clinical  trials,  transient  bradycardia  occurred 
with  11  9%  o(  doses  Oxygen  desaluration 
occurred  with  9  8%  of  doses 

Other  reactions  during  the  dosing  pro- 
cedure occurred  with  fewer  than  1%  ot  doses 
and  included  endotracheal  tube  reflux,  pallor, 
vasoconstriction  hypotension,  endotracheal 
tube  blockage,  hypertension,  hypocarbia. 
hypercarbia,  and  apnea  No  deaths  occurred 
during  the  dosinq  procedure,  and  all  reac- 
tions resolved  with  symptomatic  treatment 

The  occurrence  of  concurrent  illnesses 
common  in  premature  infants  was  evaluated 
m  the  controlled  trials  The  rates  in  all  con- 
trolled studies  are  m  Table  3 
TABLE  3 


All  Controlled  Studies 

SURVANTA 

CoDtral 

CoMumnl  Evtnl 

(M 

(N) 

P  VllM* 

Pjleni  dudu'.  ^Menoius 

46  9 

47  1 

0  814 

Intrjcianial  rwrnonhaoe 

4a  1 

45  2 

0  241 

Seveff  imfKtinui 

fienrotrfiige 

24  1 

23  3 

0  693 

Puimorufv  aif  leaw 

10  9 

24  7 

-  0  001 

Pulmo'UfY  inlerslilial 

einpiiy^ma 

?02 

364 

-  0  001 

NecrotinrK)  rnlerocolitis 

61 

53 

0  427 

ApoM 

654 

596 

0  283 

Severe  aprm 

461 

42  5 

0  114 

Post  treatmefil  sepsis 

207 

16  1 

0  019 

10  2 

9  t 

0  345 

F>ulfTKHiaf¥  hemof(^aQ« 

72 

53 

0  166 

'P  value  comparing  Qioups  in  controlled  studtes 


When  all  controlled  studies  were  pooled, 
there  was  no  difference  in  intracranial  hemor- 
rhage However  m  one  of  the  smgle-dose  res- 
cue studies  and  one  of  the  multiple-dose 
prevention  studies,  the  rate  of  intracranial 
hemorrhage  was  significantly  higher  in 
SURVANTA  patients  than  control  patients 
(63  3%  V  36  8%.  P  -  0  001,  and  48  8%  v 
M  2%,  P-  0  047,  respectively)  The  rate  in 
a  Treatment  IND  involving  approximately  4400 
infants  vras  lower  than  in  the  controlled  trials 

In  the  controlled  clinical  trials,  there  was 
no  effect  o(  SURVANTA  on  results  ot  common 
laboratory  tests  white  blood  cell  count 
and  serum  sodium,  potassium,  bilirubin, 
creatinine 

More  than  3700  pretrealment  and  post- 
treatment  serum  samples  were  tested  by 
Western  Biol  immunoassay  for  antibodies  to 
surfactant-associated  proteins  SP-B  and 
SP-C  No  IgG  or  IgM  antibodies  were 
detected 

Several  other  complications  are  known  to 
occur  in  premature  infants  The  following 
conditions  were  reported  m  the  controlled 
clinical  studies  The  rates  of  the  complica- 
tions were  not  different  in  treated  and  control 
infants,  and  none  of  the  complications  were 
attributed  to  SURVANTA 
Respiratory  lung  consolidation,  blood  from 
the  endotracheal  tube,  deterioration  after 
weaning,  respiratory  decompensation,  sub- 
glottic stenosis,  paralyzed  diaphragm,  respi- 
ratory failure 

Cardiovascular    hypotension,   hypertension, 
tachycardia,  ventricular  tactiycardia,  aortic 
thrombosis,   cardiac  (ailure,  cardio- 
respiratory arrest,  increased  apical  pulse. 
persistent  fetal  circulation  air  embolism,  total 
anomalous  pulmonary  venous  return 
Gastrointestinal  abdominal  distention,  hem- 
orrhage, intestinal  pertorations,  volvulus, 
bowel  mtarct,  (eeding  intolerance,  hepatic 
(ailure,  stress  ulcer 
Renal  renal  failure,  hematuria 
Hematologic    coagulopathy,   thrombo- 
cytopenia, disseminated  intravascular 
coagulation 

Central  Nervous  System  seizures 
Endocrine  Metabolic  adrenal  hemorrhage, 
inappropriate  ADH  secretion,   hyper- 
phosphatemia 

Musculoskeletal  inguinal  hernia 
Systemic  fever,  deterioration 
Follow-Up  Evaluations 
To  date,  no  long-term  complications  or 
sequelae  of  SURVANTA  therapy  have  been 
found 

Single-Dose  Studies 

Six-monlh  ad|usted-age  follow-up  evaluations 
o(  232  in(ants  (115  treated)  demonstrated  no 
clinically  important  differences  between 
treatment  groups  in  pulmonary  and  neu- 
rologic sequelae,  incidence  or  severity  of  reti- 
nopathy of  prematurity,  rehospitalizations. 
growth,  or  allergic  manifestations 

Multiple  Dose  Studies 

Six-month  adjusted  age  follow-up  evaluations 
have  not  been  completed  Preliminarily,  in 
605  {333  treated)  of  916  survivmq  infants. 
there  are  trends  (or  decreased  cerebral  palsy 
and  need  for  supplemental  oxygen  in 
SURVANTA  infants  Wheezing  at  the  time  of 
examination  tended  to  be  more  frequent 
among  SURVANTA  infants,  although  there 
was  no  difference  in  bronchodilator  therapy 

Twelve-month  follow-up  data  from  the  mul- 
tiple-dose studies  have  been  completed  in 
328  (171  treatedl  ot  909  surviving  infants  To 
date  no  significant  differences  between  treat- 
ments have  been  found,  although  there  is  a 
trend  toward  less  wheezing  m  SURVANTA 
infants  in  contrast  to  the  six  month  results 

OVERDOSAGE 

Overdosage  with  SURVANTA  has  not  been 
reported  Based  on  animal  data,  overdosage 
might  result  in  acute  airway  obstruction 
Treatment  should  be  symptomatic  and 
supportive 

Rales  and  moist  breath  sounds  can  tran- 
siently occur  after  SURVANTA  is  given,  and 
do  not  indicate  overdosage  Endotracheal 
suctioning  or  other  remedial  action  is  not 
required  unless  clear-cut  signs  of  airway 
obstruction  are  present 

HOW  SUPPLIED 

SURVANTA  (beractant)  Intratracheal  Suspen- 
sion IS  supplied  in  single-use  Qiass  vials 
containing  8  mL  ot  SURVANTA  (NDC 
0074-1040-08)  Each  milliliter  contains  25  mg 
of  phospholipids  (200  mg  phospholipids' 
8  ml)  suspended  in  0  9%  sodium  chloride 
solution  The  color  is  oft-whtte  to  light  brown 
Store  unopened  vials  at  refrigeration  tem- 
perature (2-8C)  Protect  from  light  Store 
vials  in  carton  until  ready  tor  use  Vials  are  for 
single  use  only  Upon  opening,  discard 
unused  drug 
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OPEN  FORUM 


C|(mL/cm  H:0) 


BC 

Purilan-Bcnnell  (NDl 
Bear  (ND) 
Hudson  (ND) 
Marquest  (HW) 
HudsoiKHWl 
Baxtci  (}|\V) 
King  (Dl 
Vital  Signs  (D) 
Hudson  (D) 
Marquest  (D) 
Baxter  (D) 
Novaventrx  (D) 
Inspiron  (D) 
Inhalation  Plastics  (D) 
Puritan-Bennett  (D) 
Artec  (D) 
Seamless  (D) 


24°C 

2.77  (0.2) 
3.08(0.1) 

3.24  (0.2) 
1.51  (0.2) 
1.79(0.2) 
1.79(0.3) 
1.84(0.1) 
2.19(0.2) 
1.78(0.1) 

2.25  (0.3) 
1.98(0.1) 
2.29  (0.3) 
2.41  (0.3) 
1.87(0.1) 
1.68(0.1) 
1.54(0.2) 
2.77  (0.2) 


34X 

2.78(0.2) 
3.19(0.2) 
3.54(0.3) 
2.05(0.2) 
2.04(0.2) 
1.96(0.2) 
1.99(0.2) 
2.37  (0.3) 
1.84(0.2) 
2.39(0.3) 
2.17(0.2) 
2.81  (0.3) 
2.46(0.3) 
2.29(0.2) 
1.96(0.2) 
1.63(0.3) 
2.82(0.3) 


Mean  Cl  differs  between  BCs  by  as  much  as  1 .73  niL/cm  H:0 
at  24°C  and  by  1.91  mL/cm  H:0  at  34°C.  Heating  the  BCs 
caused  a  mean  (SD)  change  in  Cl  of  0.21  (0.07)  (about  59^). 
Conclusions:  Cl  characteristics  of  BCs  vary  among  man- 
ufacturers due  to  differences  in  materials.  Changes  in  Cl  of 
BCs  due  to  heating  are  small  (range  0.01-0.54  mL/cm  HiO). 
Cl  of  ND  BCs  are  almost  twice  that  of  D  BCs.  Practitioners 
should  be  aware  of  the  Cl  characteristics  of  BCs  because  it 
may  affect  delivered  Vt  during  mechanical  ventilation.  (OF- 
91-138) 

Re.sistance  Characteristics  of  Adult  Ventilator  Circuits — 

James  W  Osier.  Richard  D  Branson  RRT.  Robert  S  Campbell 
RRT.  University  of  Cincinnati  Medical  Center,  Cinciniiali. 
Ohio. 

Introduction:  Patient  work  of  breathing  (WOB)  during 
mechanical  ventilation  can  be  affected  by  the  ET  tube,  humid- 
ifier, and  breathing  circuit  (BC).  Methods  &  Materials:  To 
define  the  contribution  of  the  BC.  we  determined  the  pressure 
drop  (PDl  across  17  BCs:  3  nondisposable  (ND).  3  healed  wire 
(HW).  and  1 1  disposable  (D)  at  flowrates  of  0.5.  1.0,  1.5.  and 
2.0  L/s.  3  of  each  BC  were  tested  with  and  without  the  elbow- 
adapter  (EA).  Room  air  was  drawn  through  the  inspiratory 
limb  (IL)  of  the  BC  by  a  vacuum  source  and  flow  measured  by 
a  Fisher-Porter  tlowmeter.  PD  was  measured  with  an  RT-200 
calibration  analyzer.  Pressure  taps  were  placed  at  the  patient 
and  inspiration  ends,  and  the  expiration  port  was  capped. 
Results: 


PD  al  0.5  17s 


PD  at  1 .5  Us 


BC 

Puritan-Bennett  (ND) 
BearlNDl 
Hudson  (NDl 
Marquest  I H W  | 
Hudson  (HW) 
Baxter  ( HW ) 


c  eltww 
0.49(0.01) 
0.30(0.01) 
0.40(0.01) 
0.40  (0.02) 
0.78  (0.04) 
0.4,1  (0.02) 


s  elbow 


0.21  (0,01) 
0.29  (0.02) 
0..'i6(0.03) 
0.29(0.01) 


c  elt>ow 

.'1.4(0.03) 

3.2(0.02) 

4.0(0.05) 

3.7(0.06) 

7.2(0.04) 

4.2(0.04) 


s  elbow 


2.2(0.02) 
2.7(0.04) 
5.4(0.08) 
2.9  (0.06) 


PD  at  0.5  lA 

PDal 

1,5  t7s 

BC 

c  elbow 

s  elbow 

c  elbow 

s  elbow 

King  (D) 

0.34  (0.02) 

0.17(0.01) 

3.6  (0.04) 

1.7(0.01) 

Vital  Signs  (D) 

0.33(0.01) 

0.14(0.01) 

3.4  (0.02) 

1.7(0.02) 

Hudson  (D) 

0.41  (0,01) 

0.22  (0.01  > 

3.9(0.05) 

2.1  (0.03) 

Marquest  (D) 

0.43(0.02) 

O..30(0.0l) 

4,0  10,60) 

2.9(0.03) 

Ba.\ter  (U) 

0..30(().0!) 

3,1(0.02) 

Novaventrx  (D) 

0.46  (0.03) 

- 

4.6  (0.04) 

Inspiron  (D) 

0.37  (0.02) 

0.29  (0.02) 

3,6(0.02) 

2.8  (0.03) 

Inhalation  Plasties  (D) 

0.28(0.0!) 

0.18(0.01) 

2,5(0,01) 

1.8(0.01) 

Puritan-Bennett  ID) 

0.44  (0.02) 

0.29(0.01) 

4,8  (0.06) 

3.4  (0.04) 

Artec  (D) 

0.30(0.01) 

0.20(0.01) 

2.8  (0.02) 

1.5(0.01) 

Seamless  (D) 

0.37(0.02) 

0.23(0.01) 

3.6(0.01) 

2,3  (0,02) 

Conclusions:  Our  results  demonstrate  that  ( I  )  PD  across  BCs 
increases  when  an  elbow  adapter  is  used,  (2)  PD  varies  be- 
tween BCs  due  to  diameter  and  shape  of  the  Y  piece,  (3)  PD 
was  greatest  in  the  Hudson  HW  due  to  presence  of  4  wires  in 
the  IL,  and  (4)  PD  at  1.5  L/s  may  adversely  affect  patient 
WOB.  Purchase  of  a  BC  should  include  consideration  of  resis- 
tive characteristics.  (OF-91-139) 

Equipment  Testing  and  P3 valuation 

Body  Plethysniojjraph  Modirication:  Evaluation  as  an  .Alti- 
tude Chamber— Patricia  Wallers  RPFT  RRT.  Leia  Brink 
MD.  Curt  Slreichert  CRTT,  Glenn  Wright  CBET.  Children's 
Medical  Center  of  Dallas.  Dallas.  Texas. 

We  evaluated  modifications  to  PK  Morgan  Body  Plethys- 
mograph  Model  089  (box)  to  function  as  an  altitude  chamber. 
This  model  box  contains  an  accessory  port  with  removable 
plug  3.6  cm  in  diameter.  A  black  rubber  stopper  of  same  diam- 
eter was  used  to  replace  plug.  Silicone  oil  was  used  to  lubricate 
drill  bit,  and  two  holes  were  drilled  into  stopper  to  match  diam- 
eter of  65-cm  length  of  O:  tubing  and  150-cm  length  of  Baxter 
Medi-Vac  connective  tubing.  Both  lines  were  forced  midway 
through  stopper  and  leaks  were  sealed  with  silicone  glue.  The 
stopper  was  then  used  to  seal  accessory  port.  Both  lines  uere 
allowed  to  dangle  freely  inside  box.  The  external  end  of  O: 
tubing  was  attached  to  low  pressure  port  of  a  Magnehelic 
manometer  and  connective  tubing  was  attached  to  wall  vac- 
uum with  Vacutron  Suction  Regulator.  Princo  Fortin  Type 
Mercurial  Barometer  and  72-kg  male  (to  maintain  calibration 
of  barometer's  cistern  reservoir)  were  placed  inside  box.  Doors 
were  pneumatically  shut  and  vent  was  set  in  closed  position  on 
box  controller.  Five  minutes  were  given  for  thermal  stabiliza- 
tion before  any  measurements  were  taken.  Wall  vacuum  was 
set  at  -200  torr  and  allowed  to  run  continuously  until  negative 
pressure  inside  box  read  -20.  -40.  -60,  -80,  and  -100  cm  H:0 
on  manometer.  The  cistern  reser\oir  was  checked  before  each 
reading.  Readings  were  taken  al  ambient  pressure  and  all  five 
levels  of  negative  pressure.  All  PB  readings  were  corrected  to 
temperature  and  rounded  off  to  nearest  whole  number.  Aver- 
age corrected  barometric  pressure  (PBl  (in  torr)  for  each  level 
of  negative  pressure  (in  cm  H:0)  was  732  for  -20,  717  for  -40, 
700  for  -60,  683  for  -80.  and  670  for  -100.  No  special  supplies 
were  purchased  for  modification.  We  conclude  that  the  box 
was  effectively  modified  to  function  as  an  altitude  chamber 
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prochii-uig  lower  le\cls  ofPB  as  negative  pressure  was  applied, 
without  harnuiig  normal  box  operation.  As  an  altitude  chaniber 
applications  include  use  as  an  educational  tool  in  training  air 
transport  personnel  and  ni  e\aluating  respirator)  therapy 
equipment.  (OF-9 1-083) 

I'ohiroyraphk-  Analysis  of  Oxygen  at  Low  Barometric 
I're.ssure:  .\  Simulation — Leia  Brink  MP.  Patricia  Wallers 
RPFT  RRT.  Children's  Medical  Center,  Dallas.  Texas. 

Polarographic  Oj  analyzers  (POAs)  measure  Po:  even  though 
their  displays  are  interpreted  as  '/rOi.  During  air  transports, 
barometric  pressure  (PB)  and  Po:  decrease  from  ground  meas- 
urements while  %02  remains  constant.  POAs  will  read  a  lower 
%0:  while  actually  measuring  the  lower  Po:-  A  lower  P|o: 
may  cause  altitude  hypoxemia  in  critically  ill  patients.  We  pro- 
posed that  if  %02  is  increased  during  air  transport  to  produce 
the  same  VcO:  reading  on  POAs  as  measured  on  the  ground, 
this  would  produce  the  Pio:  required  to  avoid  altitude  hypox- 
emia. An  MVP- 10  ventilator  was  used  to  blend  O:  at  409^  and 
60%.  Two  Hudson  POAs  were  used  and  corrected  for  humid- 
ity: POA  #1  was  calibrated  at  PB  =  748  torr  and  POA  #2  at  PB 
=  700  torr.  The  -^rO:  was  blended  and  analwed  with  POA  #1 
at  ground  conditions.  Then  the  equipment  was  placed  in  an 
altitude  chamber  set  at  PB  =  700  torr  and  readings  were  taken 
from  POA  #1.  After  pressurization.  Fio:  was  increased  until 
POA  #1  read  the  same  9^0:  as  ground  conditions.  Readings 
were  taken  from  POA  #2  and  Po:  was  calculated  and  com- 
pared. Mean  (SD)  data  were  collected  froin  10  trials  over  a  3- 
day  period. 


40%  O2 

60%  0 

Po:  at  ground  (torr) 

290 

434 

POA#l  at  PB  700  torr 

38% 

51% 

Po:  at  PB  700  torr 

270 

406 

PO.A  #2  after  increased  O;  (torr) 

43% 

64%^ 

Po:  at  PB  700  ton- 

after  increased  O:  (torr) 

291 

433 

Because  the  Po:  at  71)0  torr  alter  the  O:  was  increased  matched 
the  Po:  at  ground  conditions,  we  concluded  that  this  algorithm 
can  be  used  to  compensate  for  altitude  hypoxemia  in  patients 
receiving  moderate  amounts  of  O:.  O2  needs  beyond  that  point 
would  retlecl  changing  patient  status  not  altitude.  Patients 
requiring  lOO'/r  O;  during  ground  evaluation  are  beyond  the 
level  of  compensation  and  will  require  additional  ventilatory 
support  during  air  transport.  (OF-9I-I01 ) 

Evaluation  of  Closed-System  Directicmal- Tip  Sucticm  Cath- 
eter—lerrxJLLLlflJiJil.  C  Kces  Mahultc  MO  PhD.  VA  Med- 
ical Center.  Ltmi-  Beach.  California. 

The  success  rale  lor  left-bronchial-tree  suctioning  is  enhanced 
by  utilizing  curved-tip  suction  catheters.  Recently,  a  direc- 
tional-tip closed-system  catheter  became  available.  PEEP  can 
be  maintained  and  dissemination  of  secretions  minimized  with 
closed-system  catheters.  We  evaluated  the  cfficacv   of  this 


catheter  in  left-bronchial-tree  suctioning.  Method:  7.^^  patients- 
with  endotracheal  or  tracheostomy  lubes  in  place  who  were 
scheduled  for  routine  chest  x-rays  were  placed  on  the  Trach- 
Care  Directional  Tip  (TCDT)  closed-tracheal  suction  system 
(Ballard  Medical  Products.  Midvale  UT).  At  the  time  of  the 
chest  x-ray  an  attempt  was  made  to  enter  the  left  main  bron- 
chus using  a  standard  procedure  for  catheter  introduction.  With 
F|();  =  1.0  and  the  head  midline,  the  catheter  was  advanced 
with  the  radiopaque  blue  line  in  the  I  o'clock  position.  The  x- 
ra\  w  as  evaluated  for  correct  placement  of  the  TCDT  catheter. 
Result.s:  Due  to  pathology  and  technique.  17%  of  the  x-rays 
could  not  be  interpreted  adequately.  In  the  remainder,  overall 
success  rate  was  71%.  Results  were  evaluated  for  possible  sig- 
nificance of  bevel  orientation,  tube  position  in  the  mouth  and 
trachea,  and  type  of  artificial  airway.  Success  rate  in  trach- 
eostomy tubes  alone  was  80%  (n  =  16),  in  nasal  endotracheal 
tubes  100%  (n  =  3),  and  in  oral  endotracheal  tubes  65%  (n  = 
43).  Bevel  and  tube  position  had  no  major  effect  on  success 
rate.  Conclusion:  We  find  that  the  Ballard  TCDT  catheter  suc- 
cessfully combines  the  features  of  a  directional-lip  catheter 
with  the  advantages  of  the  closed-suction  system.  (OF-91-087) 

Clinical  and  Laboratory  Evaluation  of  the  Impact  Uni- 
\  ent  750  Transport  \  entilator — Robert  S  Campbell  RRT. 
Richard  D  Branson  RRT.  Kenneth  Davis  Jr  MD.  Daniel  J 
Johnson  MD.  James  M  Hurst  MD.  University  of  Cincinnati 
Medical  Center,  Cincinnati.  Ohio. 

Introduction:  Maintenance  of  adequate  oxygenation  and  ven- 
tilation during  in-hospilal  transport  (T)  is  essential.  We  evalu- 
ated the  L'ni-Vent  7.S0  transport  ventilator  (TV)  in  the  labor- 
atory and  during  T  of  65  ICU  patients.  Methods:  In  the 
laboratory,  we  determined  the  750"s  ability  to  assure  Vj  deliv- 
ery in  the  face  of  decreasing  C|  of  a  test  lung  and  evaluated  the 
alarm  system  (AS).  Using  a  2-compartment  lung  model  to  sim- 
ulate spontaneous  breathing,  we  evaluated  responsiveness  of 
the  demand  valve  (DV)  in  SIMV  and  breath  triggering  in  the 
AMV  mode.  Clinically,  we  placed  patients  requiring  T  on  the 
750  at  settings  identical  to  those  on  the  ICU  ventilator  (except 
F|o:  =  1.0)  and  compared  ABGs  and  ventilatory  variables. 
Results:  A  reduction  in  Cj  from  0. 1  to  0.02  L/cm  H:0  caused 
delivered  Vj  to  decrease  slightly  as  PIP  increased.  All  AS  per- 
formed to  manufacturer's  specifications.  Triggering  of  the  DV 
and  mandator)  breaths  occurred  at  the  sensitivity  setting  with 
PEEP  up  to  20  cm.  Clinical  results  are  shown  in  the  table.  Data 
was  compared  using  a  paired  /  test.  Mc.iii  (SD)  T  lime  was  41 
(32)  min  (range  20-252  min). 


ICU  Vent 

TV 

pH 

7.38  (0,04) 

7.40(0.05) 

Pact):  (torr) 

39(8) 

36  (6) 

PaO:  (torr) 

89  (26) 

.341  (78)* 

\t(L/min) 

8.6(2.9) 

9.2(2.5) 

PIP  (cm  11;0) 

46(12) 

-50(17) 

PEEP  (cm  H:0) 

10(6) 

10(6) 

Spontaneous  f  (hreaths/iiiin) 

14(8) 

16(11) 

*p<0.OI  vslCL'  vcnliUilor. 


.^0: 
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Conclusions:  The  750  is  a  reliable  TV  capable  of  providing 
adequate  oxygenation  and  ventilation  in  either  the  SIM\'  or 
AMV  mode.  Care  should  be  taken  to  assure  V'r  delivery  at 
high  PIP.  Triggering  is  PEEP-compensated.  which  is  unique 
among  TVs.  (OF-91-1 37) 

High-Flo«  Oxygen  Delivery  Systems:  .\  Comparison  of 
Performance — Robert  M  Kaeniarok  PhD  RRT.  Sara  Cori.i)ran 
RRT.  Ray  Rit/  RRT.  .Massachusetts  General  Hospital.  Boston. 
Massiicliusfils:  John  Curran  RRT.  Thomas  Jefferson  Hospital. 
/'hiladelphid.  Pennsyhimia.  (Work  done  at  Massachusetts 
General  Hospital.) 

Precise  and  consistent  oxygen  delivery  (FD02)  's  frequently 
required.  We  compared  the  performance  of  5  high-flow  sys- 
tems: the  Misty  Ox  Gas  Injector  Nebulizer  (GIN),  the  Downs 
CPAP  Flow  Generator  (Downs),  the  Ambu.  2  Ohio  nebulizers 
in  parallel  (Ohio-2).  and  2  high-tlow  flowmeters  (DFM).  The 
Downs,  DFM.  and  Ambu  were  configured  with  Cascade  I 
humidifiers.  Methods:  We  compared  the  amount  of  H:0 
delivered,  the  maximum  flow  capabilities.  Fdo:  accuracy,  and 
CPAP  compatibility  of  these  systems.  Gin,  Downs,  DFM,  and 
Ohio-2  were  set  at  40.  60.  and  100"^  oxygen  concentrations 
{();)  at  manufacturer-recommended  flow  settings  or  their  max- 
imum t1ov\  settings  if  none  were  specified.  Ambu  was  tested  at 
its  2  settings,  33<J  and  I009f .  The  effect  of  5.  10,  and  15  cm 
H:0  CPAP  was  evaluated  at  each  Fdo:-  Systems  were  run  at 
each  concentration  setting  for  1  h  to  evaluate  H:0  delivery. 
Five  units  of  each  type  were  evaluated.  Results:  The  DFM  and 
GIN  provided  precise  Fdo:  unaffected  by  any  CPAP  level. 
The  Ambu  set  at  33%  delivered  32.6  (0.89)  %  and  at  100% 
delivered  100%.  The  Downs  provided  precise  Fpo:  without 
CPAP.  but  the  Fdo:  increased  as  CPAP  was  applied — for 
example,  set  Fdo:  0.40.  CPAP  10  cm  H;0.  actual  Fdo2  43.2 
(2.2)  %:  set  Fdo:  0.60.  CPAP  10  cm  H:0.  actual  Fdo:  63.8 
(0.45)  %.  Ohio-2  Fdo^s  were  inaccurate  at  the  40%  (38.6 
|().89)  %)  and  60%  (57  [5.5]  %)  settings  and  demonstrated 
marked  increa.ses  in  Fdo:  as  CPAP  was  applied  (for  example, 
set  Fdo:  0.40,  CPAP  10  cm  H:0.  actual  Fdo:  76.2  [15.7]  %; 
set  Fdo:  0.60.  CPAP  10  cm  H:0.  actual  Fpo:  90.6  [6.1]  %). 
The  Ohio-2  delivered  the  most  H:0  per  hour  across  all  settings 
(180.4  [34.0]  mL),  followed  by  Downs  (123  [25.2]  mL),  GIN 
[87.4  (13.0)  mL],  Ambu  [69.2  (5.02)  mL],  and  DFM  [57.5 
1 2.3)  mL].  Experience:  The  maximum  flow  through  the  Ohio- 
2  was  limited  (eg.  at  0.40  setting  67.4  [12.2]  L)  while  the 
Downs  and  DFM  whistled  at  high  flows  (>  100  L/min).  Maxi- 
mum flow  through  the  Ambu  was  101.3  (3.25)  L/min.  Conclu- 
sion: Marked  variation  in  perfomiance  exists  in  high-flow  sys- 
tems. L'nder  conditions  tested,  the  GIN.  .Ambu.  and  DFM 
performed  precisely  and  consistently.  (OF-9 1-090) 


Volume  Monitoring  Accuracy  of  Four  Ventilators  and  the 
Bicore  CP-100  Monitor— Richard  D  Branson  RRT.  Robert  S 
Campbell  RRT.  Prem  Srivastava.  Kenneth  Davis  Jr  MD. 
James  M  Hurst  MD.  University  of  Cincinnati  Medical  Center. 
Cincinnati.  Ohio. 


We  evaluated  the  Vr  monitoring  accuracy  of  4  adult  ICU  ven- 
tilators (vent)  (Puritan-Bennett  7200ae,  Hamilton  Veolar.  PPG 
IRKSA,  Siemens  Servo  900C)  and  a  proximal  airway  mon- 
itoring system  (Bicore  CP-100)  vs  a  calibrated  pneumo- 
tachograph (PI).  Two  of  each  vent  were  used.  Vjs  of  0.15, 
0.40,  0.80,  and  1.2  L  were  set  on  the  vent  and  delivered  to  a 
lest  lung.  Actual  Vt  (AV)  measured  by  the  PT  was  compared 
lo  Vt  measured  by  the  vent  and  CP-100  under  the  following 
conditions:  ( 1 )  Cl  of  0.05.  0.02.  and  0.01  L/cm  H:0.  Fio; 
0.21,  and  0%  relative  humidity  (RH);  (2)  Ci.  of  0.05,  0.02,  and 
0.01  L/cm  H:0.  Fio:  1.0,  0%  RH:  (3)  Cl  of  0.05,  0.02,  and 
0.01  L/cm  H:0.  Fio:  0.21.  100%  RH;  and  (4)  C|  of  0.05.  0.02. 
and  0.01  L/cm  H:0,  Fio:  10.  and  100%  RH.  Mean  values  for 
3  consecutive  breaths  were  analyzed.  Statistical  analysis  was 
performed  using  a  paired  t  test  to  compare  AV  to  vent  and  CP- 
100  measured  Vj.  Results:  The  table  compares  Vj  measure- 
ments using  Condition  4.  *p  <  0.05  vs  AV.  PIP  =  14  ±  3.  27  + 
5,  65  ±  6.  and  88  ±  9,  respectively. 


72(X)ae 


Veolar 


900C 


IRISA 


SclVol  AV  Venl     CP-100  AV  Vcm  CP-100  AV  VenI  CP  100  AV  Venl      CP-lOO 

I1I5L  009  0  14"      0.10  0.08  0.07       009  0.08  0.15"      0.08  012  0  16        0.12 

0  4  L  0.27  0 .15'     0  28  0  26  0  26      0.27  0.22  0.36*     0.25  0.29  0.4O'     0.30 

0  8  1.  0.59  0  74-     O.M  0.57  0,56      0.58  0.49  0.72'     0.52  0.58  0.78»     0.54 

1.2  L  0.90     110-     0.95  0.82  0.79      081  0.77  0  99-     0.80  0.89  l,07'     0.84 

At  normal  Cl.  vents  accurately  measure  Vj.  As  Ci.  falls  and 
PIP  rises,  vents  that  measure  Vt  in  the  expired  limb  over- 
estimate delivered  Vr  due  to  compressible  volume.  Addi- 
tionally, changes  in  F102  and  RH  %  may  effect  accuracy.  The 
most  accurate  results  were  recorded  with  the  Veolar  and  CP- 
100.  Conclusion:  .Accuracy  of  Vj  measurement  varies  be- 
tween vents  and  with  conditions  of  ventilation.  Proximal  mon- 
itoring of  Vt  with  an  independent  device  may  be  desirable  in 
some  instances.  (OF-91-135) 


Evaluation  of  a  Transcutaneous  CO2  Device  in  Monitoring 
Intentional  Hyperventilation  in  Hemodynamically  Stable 
Head-Injury  Patient.s— Stephen  Tunnell  BS  RRT.  Da\id  C 
Willms  MD,  Margaret  Nield  PhD.  Sharp  Memorial  Hospital. 
San  Diego.  California. 

The  value  of  noninvasive  transcutaneous  monitoring  of  carbon 
dioxide  levels  (PicCO;)  has  been  demonstrated  in  neonates  and 
adults  with  sleep  disorders.  Such  technology  should  be  applic- 
able in  adult  intensive  care  settings.  The  purpose  of  this  study 
was  to  establish  the  level  of  agreement  between  Ptcco:  and 
PaCO:  in  hemodynamically  stable,  adult  head-injury  patients 
receiving  intentional  hyperventilation  for  control  of  intra- 
cranial hypertension.  The  convenience  sample  consisted  of  64 
corresponding  sets  of  Picco;  and  PaCO:  measurements  from  6 
adults  (4  men.  2  women.  19-49  y).  The  PtcCO:  was  monitored 
using  the  FasTrac  Respiratory  Status  Monitor  (SensorMedics 
Corp,  Anaheim  CA).  The  PaCO:  was  measured  with  1306  Blood 
Gas  Analyzer  (Instrumentation  Laboratory.  Lexington  MA). 
Both  devices  were  calibrated  according  to  the  manufacturers" 
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recommended  procedure.  The  mean  (SD)  PicCO:  was  27.1 
(5.1 )  and  the  mean  l.SD)  Pacoj  was  28.4  (4.7).  Data  were  ana- 
lyzed utilizinj;  the  Bland  and  Altman  statistical  method  for 
assessing  agreement  between  2  inethods  of  clinical  measure- 
ment. Lancet  1486.  The  dit't'erences  between  the  datapoints 
were  plotted  against  their  average.  The  strength  of  agreement 
was  summarized  by  bias  (mean  PaCOj-PtcCO:  difference)  1.34. 
standard  deviation  of  the  differences  2.28.  and  upper  and  lower 
limits  of  agreement,  which  were  -.^.22  and  .5.9.  respecti\ely. 
Although  the  correlation  coefficient  indicated  a  strong  rela- 
tionship (r  =  0.9.  p  <  ().()()  1 1,  the  Bland  and  Altman  technique 
showed  that  95'/c  of  the  population  fell  within  the  limits  of 
agreement  (which  were  large  enough  to  be  clinically  impor- 
tant) and  indicated  a  tendency  for  poor  agreement  between  the 
2  devices.  These  findings  suggest  Ptcco:  measurements  should 
not  replace  PaCO:  monitoring  in  intentionally  hyperventilated 
palienls.  (OF-91 -006) 

The  Influence  of  Endotracheal  Tube  (ETT)  and  Test  Lung 
Compliance  (CH  )  on  Downstream  Pressure  during  Hlgh- 
Erequeney  Oseillalory  \  entilati<ni — Frank  Monaco  BA 
RRT.  Keith  S  Meredith  MD.  .Scott  Hassell  B.S.  Memorial  Hos- 
pital. Colorado  Springs.  Colorado. 

Introduction:  Multiple  factors  may  influence  the  magnitude 
ot  ir.insinitted  pressure  during  high-frequency  oscillator)  \en- 
tilation  (HFOV).  Using  a  bench  test  we  sought  to  determine 

( 1 )  the  impact  of  ETT  size  on  peak-trough  pressure  (AP)  and 

(2)  the  mipact  of  changing  Cn  on  AP.  Methods:  The  HFOV 
(3100  .SensorMedics.  Anaheim  CA)  was  connected  via  2.5- 
and  3.5-mm  HTTs  to  a  test  lung  (TTL.  Michigan  Instruments, 
Grand  Rapids  MI).  Pressure  was  measured  by  calibrated  trans- 
ducers (DP45.  Validyne,  Northridge  CA)  with  a  frequency 
response  flat  ±l()'~*  to  1000  Hz  and  range  =  ±100  cm  H:0. 
placed  proximally  (APp)  and  distally  (APd)  to  the  ETT.  Con- 
stant HFOV  parameters  were  P^,,  =  10  cm  H:0.  f  =  15  Hz,  and 
l-E  ratio  =  1 :2.  The  ventilator  AP  was  varied  from  10  to  70  cm 
H:0  in  10-  cm  H;0  incren'^enls.  and  the  Cn  was  changed  from 
1.0,  2.0.  and  3.0  mL/cm  H;0  at  each  ventilator  AP.  Results: 
There  were  7  measurements  of  APp  and  AIM  at  each  Cn,  for 
each  ETT  (n  =  84).  The  table  represents  pooled  data  as  the 
mean  (SD).  Data  were  anahzed  by  repeated-measures 
ANOVA.  Changing  ETT  size  impacted  transmitted  pressure  (p 
<  0.001 ),  but  changes  in  Cn  did  not  (p  =  0.974). 


Compliance         APp 

APd 

l£TT 

APp 

APd 

(n=l4) 

(n=14) 

(n  =  21) 

(n  =  21) 

1                   17.6(9.4) 

9.5  (3.2) 

2.5  mm 

17.8(9.3) 

7.6(4.1) 

2                  17.7(9.4) 

9.6  (5.4) 

3.5  mm 

17.6(9.5) 

11.8(5.6) 

3                  17.8(9..'i) 

10.0(5.5) 

.4  Critical  Look  at  Some  Everyday  Clinical  Events 

Detrimental  Effect  of  Ambient  Temperature  on  the 
Mumidit\  Output  of  Eisher-I'a\kel  MR-630  Healed  Huinid- 
iller  «ith  the  MK-39(»  Auloleed  (  hamher  -Stephen  J  Con- 
nell  BA  RRT.  Shawn  Weckerly  CBET.  Thomas  Jefferson  Uni- 

versitN  Hospital.  Philadelphia.  Pcnns\l\ania. 

During  quality  assurance  monitonng  iif  \entilated  patients,  we 
noted  lack  of  humidity  mist  in  some  MR-390  chambers  at  Vfe 
below  12  L/min.  Operating  instructions  provided  by  Fisher- 
Paykel  indicated  maximum  How  rate  as  50  L/min.  Hypothesis: 
Ambient  room  temperatures  (.-XT)  abo\e  24°C  are  a  significant 
\ariable  in  relative  humidity  (RH)  output  of  the  system. 
Method  &  Materials:  We  measured  RH  of  gas  run  through  a 
simulated  breathing  system  with  a  factory-calibrated,  NBS 
traceable  hygrometer-thermometer  (Fisher  Scientific.  11-661- 
7A)  attached  to  the  end  of  the  inspiraton  limb  of  a  heated-wire 
adult  ventilator  circuit  (Isothermal).  We  simulated  a  range  of 
ATs  by  placing  a  MR-630  and  circuit  inside  a  double-wall  iso- 
lette  (Narco  Scientific,  Airshields  Division)  and  adjusting  tem- 
perature setting  in  2"  increments  from  24-34-C.  We  arranged 
the  tubing  so  that  patienl-Y  and  temperature  probe  protruded 
50  mL  beyond  the  isolette  via  an  access  port  to  eliminate  ambi- 
ent heating  of  the  probe  as  a  variable.  Each  heater  was  set  at 
34  C.  RH  setting  was  0  to  eliminate  wire-drying  of  gas.  Con- 
tinuous gas  flow  of  25  L/min  was  measured  with  a  Timeier 
RT-2(J0  flow  calibrator  and  constantly  maintained  for  all  trials. 
Internal  isolette  temperature  and  RH  were  recorded  20  min 
after  each  temperature  adjustment.  The  experiment  was  run  4 
times  using  different  sets  of  MR-63()  humidifiers.  MR-390 
chambers,  and  tubing  circuits.  Results:  The  mean  (SD)  results 
were 

.AT(=C)  24  2h  28  .TO  32  34 

(0.161       i(l.2i  10.16)         (0.16)  (0.11)         (0.1) 


RHC;;)  78.4         73.2 

(16.7)       (191 


60.8  .SI. 3  40.3  32.8 

(18.9)*       (l.S.9)»        (I2.4I*       (11.2)* 


•p  <  0,(15  by  Scuilcnc's  I  lesl.  r  =  -0.992.  p  <  0.001  bclwccn  AT  and  RH,  Lalwralon  leni- 
pcraUifc  Lonslanl  20-C.  palifn(-Y  icniiTcralurv  consiant  .U  C 

Discussion:  Currenl  lileralure  recommends  that  inspired  gases 
for  intubated  patients  should  be  lOO'^i-  humidified  at  32-34°C. 
These  trials  confirmed  a  decrease  in  RH  as  .AT  increased,  mak- 
ing the  MR-39()  clinlcal!\  unreliable.  Product  testing  of  healed 
humidifiers  is  done  at  AT  ranges  of  20-24°C.  Conclusion: 
Because  ICU  rooms  may  exceed  these  temperatures,  especial l\ 
in  the  presence  of  airbeds  and  heat-generating  equipment, 
future  evaluation  of  humidity  output  should  include  these 
higher  temperature  ranges.  (OF-91-()l6) 


Conclusions:  Uurmg  HFOV  with  this  device  and  at  the  set- 
tings described  ( I )  distal  pressure  measurements  did  not  reflect 
changing  Cn  and  (2)  changing  FTT  size  did  change  trans- 
mitted pressure.  Therefore  anything  varying  airway  lumen  (eg, 
changing  ETT,  mucus  accumulation,  or  a  kinked  ETT)  will 
alter  delivered  pressures  and.  therefore,  volumes.  (OF-91 -046) 


The  Effect  of  Oral  Breathing  on  O:  Concentrations  Deliv- 
ered by  Nasal  Cannula— Crystal  L  Dunlevy  HdD  RRT.  Syl- 
via F:  TvI  HS  CRf  1.  file  Ohio  State  Cmversitv:  Jeffrev  Wei- 
land  MIX  fhe  Ohio  Stale  Universiiv  llospuals — Cohimlms. 
Ohio. 
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Blood  Gas/  Hemoglobin  AnalyZ' 


AVL's  uncompromising  commitment  is  to  provide  the  high- 
quality  Blood  Gas  Analyzers  and  CO-Oximeters  through 
te-of-the-art  technology  and  unsurpassed  reliability 
The  full  line  of  AVL  instruments  is  designed  to  satisfy 
:ry  laboratory  need.  The  AVL  model  995,  and  the  eco- 
tnical  990,  for  pH,  PO2  and  PCO2.  AVL  995  Hb  combines 
the  AVL  995  capabilities  plus  Total  Hemoglobin.  The 
L  912  CO-Oxylite  measures  hemoglobin  fractions  and 
•orts  calculated  parameters. 

Of  course,  tlie  AVL  995  and  995  Hb  interface  with  the 
nplete  Une  of  AVL  Electrolyte  Analyzers  to  provide  fully 
sgrated  BGA  and  electrolyte  reports. 
Advanced  technology  is  designed  into  each  analyzer 
deliver  the  lowest  annual  operating  cost  and  allow  fuU 
ting  of  samples  as  small  as  25  |iL. 


The  most  comprehensive  service  coverage  available 
is  provided  through  the  AVL  ADVANTAGE  PROGRAM: 

•  The  onlyOve  year,  full-service  warranty 

•  24  hour-a-day  telephone  technical  support. 

•  24  hour-a-day  on-line,  computer  aided  instrument  diag- 
nostics via  a  modem.  It's  called  TeleLink. 

•  Coast-to-coast  field  technical  service  representatives. 

AVL  analyzers  are  the  preferred  choice  of  hospitals, 
clinics  and  laboratories  worldwide.  For  more  information 
about  the  complete  line  of  quality  analyzers  and  the  exclu- 
sive  Jive  year,  full-service  warranty,  write  AVL  Scientific 
Corporation,  PO.  Box  337, 33  Mansell 
Court,  Roswell,  GA  30077  or  call  toll-free 
(800)  421-4646.  In  Georgia,  (404) 
587-4040. 
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The  major  respirator)'  care  textbooks  differ  in  their  discussions 
of  the  cannula's  therapeutic  range  and  its  limitations.  A  review 
of  the  literature  revealed  few  studies  that  examined  the  effect 
of  oral  versus  nasal  breathing  on  delivered  O:  concentrations. 
These  studies  have  serious  limitations  and  report  conflicting 
results.  Our  study  attempted  to  determine  whether  a  difference 
in  delivered  O:  concentration  exists  between  mouth-open  and 
mouth-closed  breathing.  Fifteen  healthy  subjects  over  the  age 
of  20  with  no  history  of  smoking,  pulmonary,  or  cardiac  dis- 
ease participated  in  the  study.  The  naso-  and  hypopharynx  of 
each  subject  were  anesthetized  with  \09c  xylocaine.  A  6.5-Fr 
suction  catheter  was  inserted  through  the  nose  into  the  hypo- 
pharynx  under  direct  vision  and  secured.  Subjects  were  placed 
on  a  nasal  cannula  at  2  L/min  and  instructed  to  vary  their 
breathing  pattern,  alternating  among  mouth-open  normal  ven- 
tilation, mouth-open  hyperventilation,  mouth-closed  normal 
ventilation,  and  mouth-closed  hyperventilation.  The  order  of 
breathing  patterns  was  randomly  assigned.  Subjects  breathed 
through  a  mouthpiece,  with  either  1  or  2  one-way  valves  in 
place  to  allow  for  mouth-open  or  mouth-closed  breathing.  Res- 
piratory rate  was  monitored  and  controlled  by  having  subjects 
breathe  with  a  metronome  at  a  rate  of  14  or  24  breaths/min. 
Subjects  maintained  their  normal  Vj  (400-700  mL)  throughout 
the  study,  verified  with  a  Wright's  respirometer,  using  a  cal- 
ibrated Nellcor  end-tidal  CO:  monitor  to  verify  normal  and 
hyperventilation.  After  subjects  maintained  a  breathing  pattern 
for  5  min,  hypophary  ngeal  gas  samples  were  aspirated  using  a 
glass  syringe  with  a  three-way  stopcock.  Gas  samples  were 
analyzed  for  Po:  by  a  calibrated  Coming  165  blood  gas 
machine,  and  F102  values  were  calculated  as  follows:  Fio:  = 
Po:  of  gas/measured  barometric  pressure  -  47.  Mean  (SD) 
were  calculated  for  each  set  of  F102  and  Peico:  values.  Two- 
tailed,  paired  t  tests  were  applied,  with  p  <  0.01  considered  to 
be  statistically  significant.  The  mean  (SD)  Fio:  values  for 
mouth-open  breathing  were  0.24  (0.03)  and  0.23  (0.03)  for 
normal  and  hyperventilation,  respectively,  mean  Fio:  values 
for  mouth-closed  breathing  were  0.31  (0.06)  and  0.27  (0.03) 
for  normal  and  hvperventilalion.  respectively.  Analysis 
revealed  that  Fio;  values  during  mouth-closed  breathing  were 
0.78  higher  (t  =  6.24:  p  <  0.00001)  than  during  mouth-open 
breathing  during  normal  ventilation:  and  0.42  higher  (t  =  .'5.28: 
p  <  ().()()()  1  )  during  hvpervenlilation.  Fio:  values  of  samples 
obtained  during  normal  ventilation  with  mouth-closed  were  0.4 
higher  than  during  hyperventilation,  mouth-closed  (t  =  3.96;  p 
<  0.001).  There  was  no  statistical  difference  in  oxygen  con- 
centration with  mouth-open  breathing,  normal  versus  hyper- 
ventilation (t  =  1.47:  p  =  0.16).  These  findings  may  help  to 
establish  guidelines  for  nasal  cannula  use.  ultimately  improv- 
ing patient  care  by  decreasing  the  Incidence  of  ineffective 
treatment.  (OF-91-127) 

What  Factors  Intluence  .Noise  l-t\els  Inside  Oxygen 
Hoods?— Jackie  Smith  BS  CRTT.  Paul  J  Mathews  EdS  RRT. 
University  of  Kansas  Medical  Center.  Kunsas  Cily.  Kansas. 

Introduction:  We  conducted  a  bench  .study  of  the  effects  on 
noise  le\el  in  commonlv  used  neonatal  environmental  cham- 


bers when  humidifier  type.  F|o;  setting,  water  level,  and  cham- 
ber type  were  \aried.  The  American  Academy  of  Pediatrics 
(AAP)  recommends  that  sound  levels  be  kept  below  58  dBa 
(decibels  above  reference  noise)  in  incubators  and  NICUs. 
Methods:  4  types  of  oxygen  chambers  (large,  small,  oblong, 
and  hut  types)  were  tested  for  sound  levels  under  3  water-level 
conditions  (full,  half  full,  and  empty),  with  2  humdification 
systems  (Conchapak  and  Aquapak  all-purpose  nebulizer),  and 
at  6  Fio:  settings  (0.98.  0.80.  0.60.  0.40.  0.35.  and  0.28)  at  a 
constant  (7  L/min)  How.  A  Realistic  Sound  Level  .Meter  (#33- 
2050)  employing  an  A-weighted  scale  to  filter  out  low- 
frequency  noise  was  used  to  measure  sound  levels:  background 
noise  was  kept  constant.  I-M  observations  were  made  and  data 
recorded.  Descriptive  statistics  were  calculated  and  the  data 
subjected  to  ANOVA  for  repeated  measures  and  the  Newman- 
Keuls  Multiple  Comparison  Tests.  Results:  All  observations 
exceeded  62  dBa.  89  observations  exceeded  80  dBa.  The 
ANOVA  indicated  statistically  significant  differences  based  on 
water  level  and  type  of  chamber  (F  =  3.89,  p  <  0.01 ).  The  mul- 
tiple comparison  tests  also  showed  significant  differences 
based  on  water  level  (F  =  5.667-1.604.  p  =  0.01.  df  =  120). 
chamber  type  (F  =  1.833.  p  =  0.01.  df  =  120).  and  nebulizer 
type  (F  =  8.625.  p  =  0.01.  df  =  120).  Noisiest  combination  was 
hut  with  full  all-purpose  nebulizer:  Aquapak  all-purpose  neb- 
ulizer had  highest  mean  sound  level  (MSLl  under  all  condi- 
tions with  all  chambers:  hut  s\ilh  full  Conchapak  had  lowest 
MSL  with  full  humidifier:  MSL  continued  to  fall  w  ith  decreas- 
ing water  levels  in  Conchapak.  Conclusion:  Although  oxygen 
chambers  are  inherently  noisy,  significant  reduction  in  noise 
levels  can  be  realized  through  careful  choice  of  chamber  and 
humdification  equipment.  We  conclude  that,  although  all  com- 
binations exceeded  AAP  recommendations,  there  is  a  "best' 
combination  of  chamber,  nebulizer  tvpe.  and  water  le\cl  to 
reduce  noise.  (OF-9 1-053) 

What  .Are  the  I'op  If)  .Sources  of  .Annoying  Noi.se  in  the 
ICL  and  How  l.oud  Are  They?— Paul  J  Mathews  EdS  RRT. 
Alben  Long  BS  RRT.  Greg  Baker  BS  RRT.  I'nivcrsilv  of 
Kansas  Medical  Center.  Kansas  City.  Kansas. 

Introduction:  An  ICU  is  a  place  of  persistent  and  invasive 
noise  Noise  produces  stress  and  prevents  rest.  In  order  to 
determine  the  sources  and  volumes  of  noise  in  the  ICU.  a  sur- 
vey of  100  patients  was  conducted  and  the  10  noise  sources 
most  often  identified  as  "annoying"  were  analyzed  for  .sound 
level.  Method:  100  sequential  qualifying  patients  who  were 
transferred  from  an  ICU  were  surveyed.  Patients  included  59 
men  and  41  vuMiien.  ranging  from  37  to  76  y.  All  subjects  were 
lucid,  oriented,  and  denied  any  appreciable  hearing  loss.  The 
questionnaire  included  5  items  related  to  the  type  of  ICU  the 
patient  had  been  in.  type  of  room  occupied,  and  equipment 
used.  The  subjects  were  asked  to  rate  the  sound  level  in  the 
ICU  on  a  4-p()inl  Likert-type  scale,  and  to  identifv  the  5 
sounds  most  annoying  to  them.  The  lop  10  sounds  were  then 
determined  by  ranking  and  tallying  responses.  .A  Realistic 
Sound  Level  Meter  (#32-2050)  was  used  with  an  A-weighted. 
slow  response  scale  to  determine  the  sound  levels  emitted  by 
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the  10  sources.  Results:  Our  survey  of"  patients  indicated  the 
10  most  annoyinj;  sounds  include  those  produced  by  suction 
equipment  (most  annoying)  and  by  4  types  of  alarm  systems 
(including  ventilators,  pulse  oximeters,  cardiac  monitors,  and 
l\.  pumps).  Measurement  of  the  sound  levels  of  the  identified 
equipment  ranged  from  52  to  I  10  dBa  (decibels  aho\e  refer- 
ence noise).  The  OSHA-recommended  ma.ximum  sound  level 
(dBa  slow  response)  is  less  than  90  dBa  for  greater  than  8  h/d 
duration.  Conclusion:  Man\  of  the  "annoying"  noises  in  the 
ICU  are  controllable  by  health-care  professionals.  Many  of 
these  sounds  exceed  recommended  occupational  levels  and 
may  result  in  adverse  conditions  for  both  patients  and  staff. 
(OF-9 1-054) 

Carpal  Tunnel  Syndrome  as  a  Manifestation  of  Cumu- 
lative Trauma  Disorders  in  RCPs — Richard  M  Ford  BS  RCP 
RRT.  Kim  M  Goodreau  RCP  RRT,  David  M  Bums  MD.  UC 
San  Diego  .Medical  Center,  Sciii  Dieted.  California. 

Carpal  tunnel  syndrome  (CTS)  is  a  common  manifestation  of  a 
cumulative  trauma  disorder  in  a  number  of  occupations  where 
extensive  use  of  the  hands  is  part  of  the  routine  task,  but  has 
not  been  previously  reported  as  an  occupational  hazard  for 
RCPs.  We  have  noted  an  unusually  high  frequency  of  CTS 
among  our  RCP  staff;  6  out  of  a  total  staff  of  45  RCPs  have 
developed  symptoms  consistent  with  this  diagnosis  and  3 
required  surgery.  The  frequency  of  this  diagnosis  is  much 
higher  among  those  members  of  the  staff  who  routinely  per- 
form chest  physiotherapy  (CPT)  as  a  major  portion  of  their 
work  load  (5/15),  in  comparison  with  those  who  pre- 
dominantly manage  ventilator  care  (1/30).  Case  Summaries: 
A  47-year-old  woman  working  as  a  RCP  since  1982  without 
previous  medical  history  of  hand/wrist  injuries  developed 
symptoms  of  pain,  swelling,  stiffness  in  the  anterior  portion  of 
the  thumb  and  wrist.  The  pain  was  persistent,  worsened  with 
use  of  a  mechanical  vibrator  to  perform  CPT,  and  was  relieved 
by  avoiding  performance  of  CPT.  A  43-year-old  woman  work- 
ing as  a  RCP  since  1989  recently  experienced  moderate  pain 
and  mild  swelling  in  the  posterior  region  of  the  right  w  rist.  The 
pain  was  experienced  after  a  normal  days'  work  and,  more  spe- 
cifically, after  performing  CPT.  When  she  was  away  for  sev- 
eral days,  her  wrist  was  almost  pain-free.  A  48-year-old  man 
who  has  been  working  as  a  RCP  since  1981  noticed  a  mild  dis- 
comfort during  and  after  performing  CPT  with  the  G-5  vibra- 
tor. The  pain  and  related  symptoms  progressed  to  a  moderate/ 
severe  level.  His  symptoms  decreased  significantly  when  he 
was  away  from  his  job.  Conclusion:  CTS  may  be  an  occupa- 
tional hazard  associated  with  repetitive  performance  of  CPT, 
We  have  made  the  following  changes  to  minimize  the  transfer 
of  vibration  to  the  hand/v^risl  area  of  the  RCP:  modifications  in 
percussor  handles,  gloves  for  RCPs  performing  CPT.  different 
models  of  percussors,  education  programs  on  ergonomics  and 
body  mechanics,  introduction  of  other  secretion  clearance  tech- 
niques, and  incorporation  of  a  system  to  monitor  appropriate 
utilization  of  therapy .  The  impact  of  these  changes  in  reducing 
the  number  of  hand/v\rist  disorders  will  be  further  assessed. 
(OF-9 1-03  2) 


Collaborative  Care  Councils:  An  Approach  to  Team  Build- 

ing— James  H  Burchfield  BS  RCP  RRT.  Lni\crsil>  of  Texas 
Medical  Branch,  Galveston.  Texas:  Carol  H  Johnson  MS  RN, 
Linda  K  Ross  BA  RRT,  Douglas  G  Sabau  RRT,  Richard 
Pozda  BS  RN,  St  Luke's  Episcopal  Hospital — Houslon.  Texas. 

An  evaluation  of  a  program  for  team  building  in  a  4 1 -bed  car- 
diovascular recovery  unit  (CVRU)  was  performed.  A  review 
of  quality  assurance  issues  indicated  a  high  incidence  of  con- 
flict between  nurses  (RNs)  and  respiratory  therapists  (RTs).  A 
Collaborative  Care  Council  (CCC)  comprised  of  3  RTs  and  3 
RNs  met  bi-monthly  to  identify  issues  to  be  resolved.  Pre-  and 
post-surveys  were  developed  to  quantify  perceptions  of  con- 
flict between  the  2  professional  groups.  The  surveys  focused 
on  (I)  role  delineation,  (2)  communication,  and  (3)  working 
relationships.  Surveys  were  completed  by  76  individuals;  53 
RNs  and  23  RTs.  Results  indicated  that  23.58%  of  RNs  did  not 
understand  role  delineations  compared  to  6.6'/f  of  RTs; 
45.2891-  of  RNs  and  31.8%  of  RTs  felt  that  communication  was 
inadequate  between  the  2  groups;  and  26.42%  of  RNs  and 
22.73%  of  RTs  felt  a  negative  working  relationship  existed. 
The  CCC  developed  and  implemented  programs  to  address 
identified  issues.  Specific  programs  instituted  included  ( I )  RN/ 
RT  orientation.  (2)  formation  of  a  team  communication  board, 
(3)  conflict  resolution  workshop,  (4)  RT/RN  in-services,  (5) 
RT/RN  standardization  of  policies  and  procedures,  and  (6) 
creation  of  RT  CV  Specialist  positions.  A  second  survey  was 
performed  to  quantify  changes  in  perception  following  pro- 
gram implementation;  70  surveys  were  returned  (58  RNs  and 
12  RTs).  RNs  identified  no  improvement  in  the  area  of  role 
delineation  (52.50%  favorable  response).  Improvement  in 
communication  and  working  relationships  was  noted  by  RNs 
(70%  and  90%.  respectively).  RTs  expressed  a  100%  favorable 
response  in  all  areas.  Subsequent  QA  analysis  revealed  no  evi- 
dence of  RN/RT  conflict.  In  summary,  improvement  in  com- 
munication leads  to  better  working  relationships,  which  are 
essential  to  conflict  resolution.  We  recommend  the  use  of  Col- 
laborative Care  Councils  to  build  a  team  approach  to  patient 
care.  (OF-9 1 -025) 

Chest  Physical  Therapy  in  Pediatrics:  A  National  Survey — 

Robert  Lewis  RRT.  The  Children's  Memorial  Hospital,  Chi- 
cago. Illinois. 

Chest  physical  therapy  (CPT)  is  a  widely  used  procedure  in 
pediatrics.  1  conducted  a  survey  to  gather  information  on  utili- 
zation patterns.  Methods:  56  childrens  hospitals  (CHs)  and  50 
general  hospitals  (GHs)  with  large  pediatric  departments  were 
surveyed  to  quantify  CPT  utilization  patterns.  All  CHs  re- 
sponding were  included  in  the  results,  but  only  GHs  with  more 
than  100  beds  were  included.  Results:  34  (61%)  of  CHs 
responded,  10  did  not  do  CPT,  or  had  incomplete  data.  Only  5/ 
14  GH  respondents  were  >  100  pediatric  beds  and  had  com- 
plete data  available.  Results  are  mean  (SD).  The  number  of 
treatments  (txs)  was  194  (182)  txs/bed/y  (range  15-877);  the 
median  number  was  136  txs/bed/y.  70%  of  hospitals  had  less 
than  200  ixs/bed/v.  The  total  number  of  hours  devoted  to  CPT 
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also  varied  considerablv.  49  (38)  h/bcJA.  and  median  39 
(range  7-146).  7()9f  of  hospitals  devoied  fewer  than  50  h/bed/y 
to  CPT.  Mean  (SD)  tx  time  (tor  non-CF)  was  17  (10)  min 
(range  5-42).  A  weak  but  signillcant  correlation  existed 
between  bed  si/c  and  tx/y  (r  =  0.44.  p  <  0.05).  58%  had  an 
automatic  stop  polic>,  most  commonly  72  h  (range  24-120  h). 
Hospitals  with  automatic  stop  orders  had  significantly  tewer 
txs/bed/y  (132)  than  those  with  no  policy  (261 )  (p  <  0.05.  Wil- 
coxon  rank  sum  test).  Listed  as  common  indications  for  CPT 
(besides  CF)  were  pneumonia  by  77%  of  respondents,  atelecta- 
sis 71%.  recent  extubation  in  newborns  46' r .  bronchiolitis 
34%.  and  asthma  11%.  Conclusions:  CPT  utill/alion  varies 
widclv.  The  data  presented  are  skewed  due  to  a  lew  CHs  with 
very  high  utilization  rates;  therefore,  median  values  may  more 
accurately  describe  utilization  patterns.  .Automatic  stop  pol- 
icies significantly  reduce  CPT  utilization.  CPT  is  also  widely 
used  in  conditions  for  which  a  scientific  basis  for  its  applica- 
tion is  lacking  (eg,  pneumonia,  bronchiolitis).  (0F-9I- 1  I  1 1 

Monitoring  the  Sick  Infant  and  Child 

\n  In-Mtro  Comparison  of  3  Methods  of  Compliance 
Measurements — Frank  Monaco  B.A  RRT.  Keith  .S  Meredith 
MD.  Memorial  Hospital.  Colorado  Springs.  Colorado. 

Introduction:  Various  methods  of  determining  compliance 
(Cl)  at  the  bedside  are  available  to  the  clinician  that  differ  in 
method  of  calculation  and  thus  may  differ  in  yielded  values. 
We  compared  3  methods  of  Cl  measurement  using  a  test  lung 
(TL)  (TTL.  Michigan  Instruments.  Grand  Rapids  MI).  Meth- 
ods; TL  compliance  (TL  actual)  was  validated  by  injecting  100 
mL  from  a  calibrated  syringe  and  measuring  static  airway  pres- 
sure (Pav> ).  The  TL  was  mechanically  ventilated  (Sechrist  IV 
100)  with  PIP/PEEP  =  25/2  cm  H:0  and  each  method  tested  in 
sequence;  the  TL  compliance  was  then  varied  and  the  process 
repeated.  Compliance  1  (CI )  was  calculated  by  Vj,  (mL)/(PIP- 
PEEP)  (cm  H2O).  (NVM-1.  Bear  Medical,  was  used  for  Vj 
measurement,  and  Pneumogard.  Novametrix  Medical,  used  for 
measurement  of  PIP/PEEP.)  Compliance  2  (C2)  was  obtained 
from  pressure-volume  curves,  ie.  Vt,/PIP  (maximum  P.iu  dur- 
ing inspiration)  -  PEEP  (last  P3^^  before  inspiration);  Com- 
pliance 3  (C3)  was  measured  by  single-breath  occlusion  (total 
extrapolated  passive  expiratory  volume/P.,„  during  end- 
inspiratory  occlusion).  (Measurements  for  C2  and  C3  obtained 
with  2600.  SensorMedics  Corp.)  Results;  All  data  are  pre- 
sented as  the  mean  (SD).  Data  were  pooled  by  method  and 
analyzed  by  ANOVA.  There  were  no  significant  differences  (p 
=  0.185)  between  the  TL  actual  and  Cl.  C2,  or  C3.  However, 
the  arithmetic  difference  between  TL  actual  and  each  Ci 
method  was  significantly  different  (p  <  0.05). 

Compliance  in  mL/cm  H:0  (n  =  4) 


Conclusion:  Each  method  of  Ci  measurement  showed  a  high 
degree  of  reproducibility  and  followed  changes  in  TL  actual. 
However.  C3  (static  method)  varied  less  from  TL  actual  than 
Cl  and  C2  (PIP  methods).  These  data  suggest  each  method 
may  be  used  to  clinically  trend  changes  in  Cl;  however,  pre- 
cise Cl  measurements  require  static  airway  pressure  meth- 
odology. (OF-9 1-007) 

Accuracy  of  Space  Lab  and  Nellcor's  Pulse  Oximeters  in 
Infants   and   Children   with   Consjenital    Heart    Disease — 

Mary  Dekeon  RRT.  Jon  Mehones  MD,  .Shelley  C'lifton  RRT. 
University  of  Michigan  Medical  Center.  Ann  Arbor,  Michigan. 

Frequently,  infants  and  children  with  congenital  heart  disease 
have  decreased  arterial  oxygen  saturations  (SaO:)  due  to  intra- 
cardiac shunting.  While  pulse  oximetry  (Spo:)  has  become  a 
standard  monitoring  tool  in  hospitals,  no  current  data  support 
the  correlation  of  the  monitors  with  measured  SaO:  in  this 
patient  population.  Method:  We  evaluated  the  correlation  of 
SpO;  via  two  pulse  oximeters — the  Nellcor  N-20()  (Nell)  and 
the  Space  Lab  90489  (SL) — with  SaO:  in  patients  with  con- 
genital heart  disease.  We  were  primarily  interested  in  the  cor- 
relation in  patients  whose  Sa02s  were  <  95%;  we  hypothesized 
that  Sp02  rnay  have  poor  correlation  in  infants  and  children 
with  Sa02S  <  than  95%.  49  patients  have  thus  far  been  entered 
into  the  study.  In  each  patient  (age  range  I  day  to  25  y),  a  Nell- 
cor and  a  Space  Lab  monitor  were  placed  on  the  same  extrem- 
ity as  the  arterial  line.  Stabilization  with  both  monitors  was 
achieved  for  10  to  15  min.  Both  monitors  were  required  to 
demonstrate  correspondence  with  the  patient's  electro- 
cardiogram and  arterial  waveform.  After  documentation  of 
heart  rate  correlation,  an  arterial  blood  gas  was  drawn  and  ana- 
lyzed on  an  Instrumentation  Laboratory  (IL)  1312  blood  gas 
analyzer  and  IL  482  CO-oximeter  for  a  measured  saturation. 
49  samples  were  obtained,  39  of  which  had  a  measured  satura- 
tion <  95%.  Results:  Mean  (SD)  saturations  obtained  in  the  49 
samples  were  Nell  84  (2)  %,  SL  90  ( 1 1 )  %,  and  Sa02  86  ( 1 1 )  %. 


All  Samples  (n  =  49)  r- 

Measured  =  0.75x^^'--"  +  22         0.66 
Measured  =  1.1  XSL- 13  0.79 


Sat-s<95%(n  =  39l  r' 

Measured  =  0.62X^'^i'  +  32         0.50 
Measured  =  0.96xSL  -  i  0.75 


TL  actual 

Cl 

C2 

C3 

1.01  (0.01) 

0.82(0.01) 

0.91  (0.04) 

0.90(0.01) 

1.93(0.01) 

1.42(0.01) 

1.64(0.01) 

2.01  (0.04) 

2.87(0.01) 

1.93(0.01) 

2.35  (0.03) 

2.84  (0.04) 

In  both  groups.  SL  monitor  demonstrated  a  higher  con'elation. 
slope  closer  to  1.  and  lower  intercept  than  the  Nell.  Nell  cor- 
relation, slope,  and  intercept  became  more  disparate  in  the 
group  of  patients  with  Sa02  <  95%.  It  appears  that  the  Space 
Lab  monitor  may  provide  more  accurate  representation  of  Sa02 
in  patients  with  congenital  heart  disease.  (OF-91-148) 

Endotracheal  Tubes  in  Two  Neonates  Abutt  the  Tracheal 
Wall  Causing  Inadequate  Ventilation — John  A  Lund  BA 
RRT,  Jon  L  Swegarden  BS  RRT,  Children's  Hospital- 
MeritCare;  Craig  T  Shoemaker  MD.  CJ  Menagh  MD.  Fargo 
Clinic-St  Lukes  Hospitals — Fargo.  North  Dakota. 

It  is  common  in  intensive  care  nurseries  for  mechanically  ven- 
tilated infants  to  have  spells  characterized  by  rapid  deteriora- 
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tion  of  vital  signs  and  diminished  or  absent  breath  sounds. 
These  spells  are  usually  interpreted  as  breath-holding  events, 
bronchospasm.  or  a  plugged  endotracheal  tube  (ETT).  A  25- 
wk  gestational  age  iGA)  boy.  birlhweiahl  (BW)  964  g.  8-days 
old  at  time  ol  study,  intubated  with  a  Portex  3.0  ETT.  and  a 
24-wk  GA  girl.  BW  600  g.  36-days  old.  intubated  with  a  Por- 
tex 3.0  ETT.  were  having  intermittent  spells.  Both  were  on 
Sechrist  IV'  lOOB  ventilators.  Lung  mechanics  measurements 
were  performed  with  the  .SensorMedics  2600  Pediatric  Pul- 
monary Cart  to  determine  the  true  identity  of  these  spells.  In 
preparation  for  the  study,  positioning  resulted  in  deterioration 
of  vital  signs,  diminished  breath  sounds,  and  lack  of  chest 
movement.  Data  collected  at  this  time  revealed  a  normal  pres- 
sure waveform  but  no  How  or  volume  delivered  to  the  patient. 
The  ETT  was  felt  to  be  rnalposilioned  or  plugged:  the  infants 
were  repositioned  and  manually  ventilated.  Vital  signs 
returned  to  normal.  Lung  mechanics  measurements  showed 
normal  inspiratory  and  expiratory  Hows.  Anterior-posterior 
chest  radiographs  revealed  the  beveled  end  of  the  ETT  facing 
the  left  wall  of  the  trachea.  Lung  mechanics  were  repeated 
with  the  infants'  heads  in  a  variety  of  positions.  Inspiratory 
and  expiratory  flow  decreased  and  eventually  stopped  in  both 
infants  with  the  neck  flexed  and  the  head  to  the  right.  Conclu- 
sion: Each  patient  had  a  large  ETT  and  deteriorated  with  neck 
flexion  and  head  facing  opposite  side  of  the  ETT  orifice.  We 
hypolhesi/e  that  the  ETT  orifice  was  abutting  the  tracheal 
wall,  not  allowing  for  ventilation,  although  the  pressure- 
limited,  time-cycled  ventilator  continued  to  function  properly. 
More  study  needs  to  be  done  to  determine  standards  for  direc- 
tion of  ETT  orifice  after  intubation  and  the  positioning  of  neck 
and  head  in  intubated  neonates.  (OF-91-151) 

A  .Simplified  Metiiod  for  Asses.sing  Ventilatory  Drive  in 

Infants— Albeno  Rubio  RPFT  RRT.  Patricia  Walters  RPf-T 
RRT.  Children's  Medical  Center.  IhilUis.  Texas. 

We  esaiuated  a  system  comprised  of  a  Perkins-Elmer  Mass 
.Spectrometer  Model  1100.  a  .SensorMedics  2600  Infant  PFT 
system,  and  a  simple  rebrealhing  circuit  for  assessing  ven- 
tilatory drive  in  infants  via  hypercapnic  challenge  as  defined 
by  Read.  Using  a  ventilator  circuit  appropriate  for  a  7-kg  child, 
we  constructed  a  rebreathing  circuit  with  a  Hans  Rudolph  two- 
way  nonrebreathing  \alve  (NRV)  model  22108.  A  Hans 
Rudolph  2430  series  automatic  controller  with  a  two-way  bal- 
loon valve  (TWBV)  and  latex  bag  served  as  a  gas  reservoir 
with  the  TWBV  attached  by  its  side  port  to  the  inspiratory  side 
of  the  NRV.  A  large-bore  ETT  adapter  was  secured  at  the  pig- 
tail. Tubing  attached  at  the  exhalation  side  of  the  NRV  con- 
nected with  the  adapter,  completing  the  circuit.  A  port  drilled 
into  the  NRV  was  source  for  the  mass  spectrometer's  1  niL/s 
capillary  sampling  line.  The  mass  spectrometer  was  calibrated 
to  measure  high  and  low  O:  and  CO:  in  lorr.  Using  the  con- 
troller, test  gas  flowed  through  one  end  of  the  TWBV.  filling 
the  latex  bag  attached  at  the  other  end  w  ith  a  volume  equal  to  3 
times  the  patient's  VC.  The  26(IO's  pneumotach  connected  to 
the  NRV  and  interfaced  with  the  sedated  patient  via  face  mask. 
The  flow-volume  test  screen  provided  the  Vj  and  f  needed  to 


calculate  M  while  the  mass  spectrometer  provided  PciCO;- 
Serial  measurements  were  hand  written.  Normal  CO; 
responses  have  been  published  only  for  adults.  Unlike  Read, 
we  found  il  helpful  to  divide  M-:  by  bod\  surface  area  to  nor- 
malize data  when  such  was  <  1  nr.  Captured  data  on  3  patients 
were  stable,  reproducible  (slopes  were  similar  but  r  was  var- 
iable), and  interpreted  as  reliable.  We  funher  validated  system 
and  technique  by  twice  testing  an  adult  who  had  been  CO. 
challenged  and  tested  via  SensorMedics  .Vl.MN  Horizon  -WOO. 
Results  with  our  system  were  comparable  to  one  another  and 
to  4400  results.  This  method  was  successful,  obviated  the  need 
for  a  multi-channel  recorder,  and  utilized  equipment  present  in 
or  accessible  to  most  laboratories.  We  have  replaced  the 
steady-state  method  with  this  technique  because  it  is  faster, 
less  irritating  to  the  patient,  and  offers  cost  savings  in  tech- 
nician time  and  number  of  tests  needed,  thus  halving  cost  to 
patient.  (OF-9 1-164) 

Another  Predictor  of  Mortality  In  lnfant.s  with  Congenital 
Diaphragmatic  Hernia — L\nne  K  Bower  RRT.  Jay  M  Wil- 
son MD.  Children's  Hospital.  Bostan.  Maisachusclls. 

Despite  recent  advances  in  neonatal  life  support  and  tech- 
nology such  as  extracorporeal  membrane  oxygenation 
(ECMO).  many  infants  with  congenital  diaphragmatic  hernias 
(CDH)  die.  Previously  published  data  trom  our  institution  indi- 
cate that  survival  can  be  predicted  based  on  the  best  post- 
ducial  PjO:  (BPDPO;)  achieved  on  maximum  mechanical  ven- 
tilation prior  to  ECMO.  From  these  data.  CDH  patients  are 
classified  as  responders  (R.  BPDPO:  >  100  torr  )  or  non- 
responders  (NR,  BPDPO:  <  100  torr).  R  who  require  ECMO 
have  a  survival  rate  of  65%  vs  9%  for  NR.  Both  R  and  NR 
infants  have  been  successfully  weaned  from  ECMO  only  to 
expire  at  a  later  date.  The  purpose  of  this  study  was  to  focus  on 
CDH  patients  who  were  weaned  from  ECMO  to  see  if  addi- 
tional predictors  of  outcome  could  be  identified.  Method:  We 
reviewed  the  charts  of  all  CDH  infants  who  required  ECMO 
from  1987-1991  (n  =  55).  Ventilator  management  for  all 
patients  was  identical  during  and  while  weaning  from  ECMO. 
Our  criteria  for  weaning  from  ECMO  are  normal  PaCO:  and 
PaO:  >  60  torr  on  ventilator  settings  of  30'7,  O:.  f  30.  and  PIP/ 
PEEP  of  30/5  cm  H:0.  Patients  were  classified  as  either  R  or 
NR.  ABGs  from  the  last  successful  trial  off  ECMO  prior  to 
decannulation  were  collected.  Results:  Of  the  patients  who 
successfully  weaned  from  ECMO  (n  =  30).  21%  (6/22)  of  R 
and  75*^;  (6/8)  of  the  NR  died.  We  noted  a  statistically  sig- 
nificant difference  in  outcome  based  on  the  P:,co:-  When  the 
PaCO:  was  below  36  toir.  82*^;  (14/17)  survived.  When  the 
PaCO:  was  >  35  torr,  239<-  (3/13)  survived  (p  <  0.05  by 
ANOVA).  NR  with  PaCO;  >  36  torr  had  a  KK)'^;  mortality  rate 
(7/7).  Conclusions:  We  conclude  that  incorporating  the  pre- 
decannulation  PjCO:  with  the  pre-ECMO  BPDPO:  will  further 
improve  our  ability  to  predict  outcome.  Knowing  the  mortality 
posi-ECMO  may  prompt  us  to  intervene  with  new  modes  of 
ventilation.  Additionally,  perhaps  CDH  infants  w Ith  a  P.iCO:  > 
35  torr  could  benefit  from  additional  time  on  ECMO  despite 
meetina  other  criteria  for  decannulation.  (OF-91-021 ) 
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Optimizing  Lung  Mechanics  with  the  Use  of  Flow- Volume 
(F-\  )  Loops  in  a  Pediatric  I'atient — Valerie  K  Prcslon 
CRTT.  John  A  Lund  BA  RRT.  Children's  Hospital-MeritCure; 
Gerald  F  Atwood  MD,  Fargo  Clinic-Children's  Hospital- 
MeritCare — Fargo.  North  Dakota. 

\Vc  present  a  2  l/2-year-oid  boy  wuh  pidnninar\  hypoplasia 
and  marked  hypotonia  and  a  tracheostomy  who  has  been  ven- 
tilator-dependent since  birth.  The  patient  was  weaned  to  pres- 
sure support  ot  S  cm  H:0.  PEEP  4  cm  H;0.  Fio,  0.21  on  a 
Siemens  Servo  900C.  Periodic  CPAP  trials  were  poorly  toler- 
ated, and  the  patient  could  not  be  weaned  further.  F-V  loops 
were  obtained  to  determine  the  level  of  CPAP  needed  to  opti- 
mize lung  mechanics.  Data  were  collected  while  the  patient 
slept,  using  a  calibrated  SensorMedics  2600  pediatric  pul- 
monary cart.  The  study  was  done  w ith  the  patient  on  a  Cardens 
CPAP  device  with  0.  3.  6.  and  8  cm  H:0  of  support. 


CPAP 

CPAP 

CPAP 

CPAP 

0 

3 

6 

8 

Inspiratory  time  (t,.  in  s) 

0.33 

0.34 

0.43 

0.53 

Expiratory  time  (te,  in  s) 

2.89 

2.79 

0.33 

0.52 

Peak  tidal  expiratory 

flow  (PTEF.  in  mL/s) 

136 

136 

168 

192 

Mid-tidal  expiratory 

now/mid-tidal 

inspiratory  tlow 

(ME/MI) 

0.14 

0.17 

0.69 

0.96 

Tracheomalacia  is  evidenced  by  incomplete  structural  support 
of  the  trachea,  in  which  the  normal  luminal  narrowing  during 
expiration  becomes  exaggerated  causing  decreased  expiratory 
flows.  An  indicator  for  diagnosing  tracheomalacia  is  the  ratio 
ME/MI.  An  ME/MI  of  approximately  1.0  is  considered  normal 
and  a  value  <  0.65  indicates  decreased  expiratory  flow  caused 
by  an  intrathoracic  upper-airway  obstruction.  In  this  patient, 
increased  levels  of  CPAP  ""stented"  the  airway  open  allowing 
PTEF  to  increase  and  ME/MI  to  normalize.  The  patient  was 
subsequently  placed  on  CPAP  of  8  cm  H:0.  which  he  tolerated 
well.  Over  the  next  6  mo.  as  airway  function  improved.  CPAP 
was  decreased  to  2  cm  H2O  and  tolerated  for  approximately  18 
hours  per  day.  This  case  suggests  that  there  is  a  role  for  lung 
mechanics  measurements  in  the  diagnosis  of  tracheomalacia. 
F-V  loops  may  be  used  to  optimize  airway  mechanics  and 
determine  the  best  treatment.  lOF-91-071 ) 


Chlorproniazine  Therapy  in  a  Neonate  with  Persistent  Pul- 
monary Hypertension  Complicated  by  Pulmonary  Hem- 
orrhage— Lisa  L  Ellison  RRT.  Robert  H  Warren  MD.  Arkan- 
sas Children's  Hospital.  Little  Rock,  .\rkansa.s. 

Tolazoline  is  a  pulmonary  vasodilator  frequently  used  in  the 
treatment  of  persistent  pulmonary  hypertension  of  the  newborn 
(PPHN).  Side  effects  include  hypotension  and  pulmonary  hem- 
orrhage IPLH).  precluding  its  use  in  this  patient  population. 


We  report  on  the  use  of  chlorproma/inc  (CPZl  for  direct  relax- 
ant effect  on  vascular  smooth  muscle  with  limited  side  effects. 
Case  Summary:  A  38-week  gestational  age.  3.3-kg  infant  was 
refeiTed  for  severe  hypoxemia  and  respiratory  distress.  Prior  to 
transport  he  was  intubated  and  ventilated  with  Fio^  1.0.  f  60, 
PIP  23  cm  H:0.  PEEP  2  cm  H2O.  P^o,  was  26  lorr,  and  severe 
PLH  developed.  On  arrival,  echocardiography  revealed  normal 
cardiac  anatomy  with  a  large  patent  ductus  arteriosus  and 
right-to-left  shunt.  ABG  revealed  pH  7.39.  PaCOj  37  torr,  Pa02 
41  torr.  and  HCO,"  22  on  f  70,  PIP  23  cm  H:0,  PEEP  3  cm 
H:0,  and  Fio:  10.  Due  to  PLH,  the  infant  was  not  a  candidate 
for  ECMO  or  tolazoline,  but  was  treated  with  blood  products 
and  7-cm  H:0  PEEP.  Hyperventilation,  tromethamine,  dop- 
amine. di)butamine.  sedatives,  and  vecuronium  were  used  to 
treat  PPHN.  Severe  hypoxemia  continued  despite  maximal 
medical  management.  On  Day  3  PaO:  remained  in  the  20-40 
torr  range;  0.8  mg  of  CPZ  was  given  I.V.  over  I  h.  resulting  in 
an  initial  increase  in  PaO:  to  394  torr  on  f  130.  PIP  30  cm  H:0, 
PEEP  6  cm  H2O,  and  Fio:  1.0.  After  2  doses  of  CPZ,  the  infant 
was  weaned  to  f  45,  PIP  22  cm  H:0,  PEEP  5  cm  H2O,  and 
F102  0.98  while  maintaining  PaO;  >  50  torr.  Paw  decreased  from 
16  to  9.  The  infant  received  0.4  mg  CPZ  q4h  and  was  weaned 
from  CPZ  after  3  days.  No  serious  complications  attributable 
to  CPZ  were  observed.  Vasopressors  were  decreased  during 
CPZ  administration.  The  F102  was  decreased  slowly,  first  by 
1%  and  then  by  2%  increments.  He  was  extubated  and  placed 
on  a  30%  hood  after  6  days  of  mechanical  ventilation.  Hemo- 
dynamic data  were  not  measured.  Repeat  echocardiography 
revealed  no  shunt  after  treatment  with  CPZ.  Conclusion: 
Patients  with  PPHN  complicated  by  PLH  have  a  >  80%  mor- 
tality rate.  Our  limited  experience  suggests  that  CPZ  is  a  safe 
and  effective  therapy,  with  its  value  demonstrated  by  the 
improvement  in  oxygenation  as  well  as  the  limited  side  effects 
observed.  The  use  of  CPZ  in  this  type  of  patient  warrants  fur- 
ther evaluation  using  prospective  studies.  (OF-91-009) 

Effect  of  Flowrate  on  CO2  Levels  in  an  Infant  Oxygen 
Hood  (O7H)— Wesley  Brown  RCP  CRTT.  Randy  Scott  BS 
RCP  RRT.  Gerald  Nystrom  MD.  Loma  Linda  University  Med- 
ical Center.  Loma  Linda.  California. 

Neonatal  and  pediatric  respiratory  disorders  frequently  require 
use  of  0;H  to  deliver  supplemental  O;.  Little  has  been  pub- 
lished about  appropriate  gas  tlowrates  to  prevent  CO:  rebreath- 
ing  in  O2H.  Question:  We  asked,  what  is  the  minimum  gas 
flowrate  necessary  to  maintain  hood  CO:  <  0.5%'?  Method: 
We  devised  a  system  to  simulate  patient  ventilation  and  CO: 
production  (Vco:)  'hat  included  a  patient  gas  flow  at  350  mL  • 
kg  ■  min'  simulating  minute  ventilation  and  CO:  of  17.3  mL  ■ 
kg  ■  min  '  (approximately  twice  the  normal  CO:  production) 
delivered  to  the  hood  through  a  mannequin  head.  Simulations 
were  devised  for  4  weights  (1,3,  5,  and  10  kg)  and  4  levels  of 
\fe  and  Vco:  through  3  different  hood  sizes  (Peace  Hoods)  with 
dimensions  of  9  in  (729  in'),  12  in  (1,728  in'),  and  24  in  (8  ft^). 
Gas  flow  delivered  to  the  hoods  was  kept  constant  at  5,  10,  15, 
and  20  L/min  for  the  9  and  12  in  and  13.  30,  45,  60,  and  75  L/ 
min  for  the  24  in.  CO:  levels  were  measured  by  mass  spec- 
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tronietn,'  at  6  dit't'crent  lucalions  wiihin  the  hood  at  L'ach  tlou- 
rate.  Results: 


L/min 


I. ell        Righi  Top        Biiuoni 

Mouth     Check     Cheek   Foreheatl    Hood       Hood 


1kg 

5 

499 

0.22 

0.11 

0.14 

0  13 

0.36 

0.35  Umin 

10 

4.99 

0.12 

0  1 1 

(1  l.s 

0  II 

1149 

9in  Hixid 

13 

4.99 

0.10 

0.10 

0,12 

0,10 

(1,45 

20 

4.99 

0.10 

0.10 

0.11 

0.09 

0.33 

3  kg 

5 

4.99 

0.23 

0.24 

0.56 

0.17 

0.22 

1.05  L/min 

10 

4.99 

0.20 

0.35 

0.37 

0,17 

0,22 

12-inHood 

15 

4.99 

0.19 

0.17 

0.25 

0.17 

0.21 

20 

4.99 

0.23 

0.22 

0.30 

0.18 

0,17 

5  kg 

15 

4.99 

0.40 

0,59 

0.43 

0,26 

0,66 

1.75  Umin 

30 

4.99 

0.25 

0.34 

0.28 

(1,24 

0,30 

24-in  Hood 

45 

4.99 

0.25 

0.21 

0.39 

0,20 

0,21 

60 

4.99 

0.25 

0.20 

0.25 

0,19 

0,19 

10  kg 

30 

4.99 

0.37 

0.48 

1.20 

0,33 

:  09 

3.5  L/min 

45 

4.99 

0.60 

0.52 

0.58 

0.32 

0.32 

24-in  Hood 

60 

4.99 

0.48 

0.38 

0.31 

0,28 

0,33 

75 

4.99 

0.27 

0..W 

0.29 

0,24 

0,23 

Our  results  show  that  a  tlovvrate  ot  10  L/min  keeps  the  CO: 
levels  <  0.5%-  in  all  tested  areas  in  9-  and  12-in  hoods.  30  L/ 
min  to  clear  ventilation  of  24-in  hood  for  a  simulated  5-kg 
infant,  and  60  L/min  for  a  lO-kg  infant.  Conclusions:  We  con- 
clude that  CO:  can  be  effectively  reduced  to  a  level  <  0.5%  at 
all  but  the  lowest  tlowrates  studied,  and  that  gradients  of  CO: 
within  the  hoods  do  not  significantly  change  with  changes  in 
hood  flowrate.  Perhaps  better  devices  for  gas  mixing  within 
the  hoods  are  necessary  to  provide  the  most  uniform  mixture. 
(OF-91-131) 

Ventilating  the  Sick  Infant  and  Child 

High-Frequency  Oscillatory  Ventilation  (HFOV)  Rescue  in 
Neonates  with  Intractable  Respiratory  Disease — Patricia 
Shepperdson  RRT.  Frank  Monaco  BA  RRT.  Donald  J 
Ronimes  MD.  Keith  S  Meredith  MD.  Memorial  Hospital,  Col- 
orado Springs.  Colorado. 

Introduction:  Severe  respiratory  failure  in  the  near-term 
infant  remains  a  significant  challenge  in  clinical  neonatalogy. 
We  report  our  retrospective  review  of  a  series  of  infants  who 
required  excessive  conventional  ventilator  (CV)  settings  and 
were  rescued  with  HFOV  (3100,  SensorMedics,  Anaheim 
CA).  Methods:  12  total  patients  were  rescued  (1  excluded 
because  of  cyanotic  heart  disease).  All  data  are  mean  (SD). 
Diagnoses  were  ARDS  =  7  (5  persistent  pulmonary  hyper- 
tension of  the  newborn  [PPHN])  and  RDS  =  4(1  PPHN);  ges- 
tational age  =  36.5  (1.6)  wk;  birthweight  =  2778.6  (386.8)  g. 
and  age  at  rescue  =  21.2  (10)  h.  CV  settings  prior  to  rescue 
were  Fio:  =  1.0  (0.01),  MAP  =  20.1  (3.4)  cm  H:0,  PIP  =  40.7 
(5.6)  cm  H:0,  PEEP  =  5.8(1 .0)  cm  H:0.  and  f  =  62.5  ( 1 1 .7) 


hreaths/miii.  HFOV  was  managed  to  increase  MAP  in  order  to 
achieve  optimal  lung  volume  by  chest  x-ray  while  reducing 
F|o:  to  less  than  0.7.  Patients  with  PPHN  were  hyperxentilated 
(PaCO:  <  30  torr  and  pH  >  7.45).  Results:  The  table  represents 
the  pooled  mean  data  for  4  hours  prior  to  rescue  (-4  to  0)  and 
selected  intervals  afterwards.  ANOVA  was  used  to  compare 
CV  (-4  to  0)  data  to  HFOV  data.  Survival  was  UWi .  No 
patient  experienced  new  pulmonary  airleak  or  iniracranial 
hemorrhage  during  rescue. 


-  4  to  0 

Oto  1 

2  to  4 
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HFOV 
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0.89 
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45 
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34.6 

29.4 

27.4* 

27.4* 

.30.4 

•p  <  0.005. 

tOI  =  (MAPI  (Fio:)  ( lOO/Pao:). 

Conclusions:  In  these  patients,  HFOV  rescue  resulted  in  a 
rapid  improvement  in  gas  exchange,  no  significant  morbidity 
and  no  mortality.  These  data  imply  that  HFOV  should  be  con- 
sidered in  near-term  infants  failing  CV.  (OF-91-064) 

Successful  High-Frequency  Jet  Ventilation  during  Ambu- 
lance Transport — Kathleen  Meyer  RRT.  Robert  White  MD. 
Linda  Love  RRT.  Dclores  Tucker  NNP.  Memorial  Hospital  of 
South  Bend.  South  Bcml.  huliiiiia. 

Some  newborns  with  se\ere  respiratory  distress  benefit  from 
high-frequency  jet  \enlilation  (HFJV)  initially,  but  later 
become  candidates  for  extracorporeal  membrane  oxygenation 
(ECMO).  When  HFJV  was  in  its  early  stages,  most  centers 
doing  research  also  had  ECMO  capability,  so  transport  of  crit- 
ically ill  infants  on  HFJV  was  not  necessary.  With  more 
regional  non-ECMO  centers  using  HFJV,  transport  of  critically 
ill  infants  on  HFJV  has  become  an  issue.  We  report  4  cases  of 
successful  transport  of  infants  on  HFJV  to  an  ECMO  center. 
Case  I  was  a  term.  2300-g  female  with  meconium  aspiration 
syndrome  (MAS),  right  pneumothorax,  asphyxia,  disseminated 
intravascular  coagulation,  and  persistent  pulmonary  hyper- 
tension of  the  newborn  (PPHN).  After  20  h  of  satisfactory 
HFJV.  O:  saturation  deteriorated  and  she  was  transferred  to 
Riley  Children's  Hospital,  a  3-h  ground  transport.  Case  2  was 
a  term.  3200-g  male  with  MAS,  ventricular  septal  defect,  and 
PPHN.  After  3  d  of  HFJV.  during  which  his  condition  initially 
improved  but  then  slowly  deteriorated,  he  was  transferred  to 
Mott  Children's  Hospital,  a  4-h  transport.  Case  3  was  a  term. 
2140-g  female  with  fetal  distress.  MAS.  and  PPHN.  After  2  d 
of  HFJV.  she  deteriorated  hemodynamically  and  was  trans- 
ferred to  Mott  Children's  Hospital,  a  3.5-h  transport.  Case  4 
was  a  36-wk-gestation.  2820-g  male  with  a  diagnosis  of  Eagle- 
Barrett  Syndrome,  hypoplastic  lungs.  PPHN.  and  right  pneu- 
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mothorax.  He  was  transferred  on  HFJV  to  Riley  Children's 
Hospital,  a  3-h  transpon.  In  each  case,  the  infant's  condition 
was  very  stable  in  transit,  and  no  mechanical  problems  were 
experienced.  Use  of  HFJV  during  transport  entails  prior  assess- 
ment of  the  transport  vehicle's  capabilities;  a  generator,  two 
"H"  tanks  (one  air,  one  O:).  and  secure  placement  of  the  jet 
ventilator  next  to  a  conventional  ventilator  are  minimum 
requirements.  An  uninterruptible  power  supply  is  also  desir- 
able. When  these  conditions  are  fulfilled,  transport  of  critically 
ill  infants  on  HFJV  can  be  safely  accomplished  when  nec- 
essary. (OF-9 1 -068) 


-1.  and  supplemental  O:  of  0.5  L/min.  With  home  use  of 
NPPV.  both  patients  returned  to  full-time  school  attendance 
with  improvement  in  activity  and  endurance  while  maintaining 
a  normal  PaCO:  at  rest.  Our  experience  suggests  that  reversal  of 
chronic  respiratory  failure  in  this  group  of  pediatric  patients  is 
possible  with  nocturnal  NPPV.  (OF-9 1-082) 

Pressure  Limiting  a  Volume  Ventilator  for  a  Chronic  Ven- 
tilator-Dependent Child— Charolette  Pickle  RRT.  Sami  K  W 
Hadced  Ml)  Cook-Fort  Worth  Children's  .VIedical  Center. 
Fort  Wonh.  Texas. 


Nasal  Mask  Ventilation  of  Two  Young  Pediatric  Patients 
with  Restrictl\c  Lung  Disease  .Associated  with  Kyphos- 
coliosis— Janet  Dunawav  RRT.  The  Children's  Hospital  of 
Alabama:  J  Clarke  Mcintosh  MD.  Robert  .A  Schoumacher 
MD.  The  University  of  Alabama  at  Birmingham — 
Binningham.  Alabama. 

Use  of  noninvasive  nasal  positive-pressure  ventilation  (NPPV) 
in  adult  patients  with  neuromuscular  or  restrictive  chest-wall 
disease  is  an  accepted  alternative  to  tracheotomy  or  negative- 
pressure  ventilation.  We  treated  2  pediatric  patients  (ages  6 
and  9  y)  with  NPPV  for  management  of  chronic  respiratory 
failure  associated  with  severe  kyphoscoliosis.  Ventilatory  mus- 
cle rest  and  reversal  of  chronic  respirator,  failure  was  accom- 
plished with  NPPV  using  a  Puritan-Bennett  2801  portable  vol- 
ume ventilator.  Consistent  with  the  experience  of  other 
investigators  using  this  therapy  for  prepubertal  patients,  we 
encountered  problems  with  equipment  selection,  mask  size, 
patient  anxiety,  and  aerophaaia.  Success  was  defined  as  nor- 
malization of  acid-base  status,  normal  ventilation  and  sleep 
architecture  during  nocturnal  polysomnography,  and  subjective 
improvement  in  activity  and  symptoms.  The  6-year-old  boy 
presented  with  PaCO:  of  90  torr  and  the  9-year-old  girl  with 
PaCO:  of  65  torr.  After  institution  of  nocturnal  NPPV.  these 
values  were  reduced  to  PaCO:  of  44  torr  for  both  patients  dur- 
ing normal  daytime  activity  while  off  support.  Our  first  choice 
of  support  device  was  the  Respironics  S/T  BiPAP  unit.  Due  to 
the  severe  restrictive  disease  and  small  upper  airways  of  these 
2  patients,  the  BiPAP  device  delivered  inadequate  flow  and 
pressure.  The  Puritan-Bennett  2801  ventilator  with  its  higher 
pressures  and  rates  was  used  successfully.  Our  teaching  tech- 
nique included  slow  introduction  of  the  patients  to  the  equip- 
ment to  familiarize  them  with  the  tight-fitting  mask  and  flow 
sensations  of  the  ventilator.  Prolonged  daytime  use  of  the  mask 
was  important  in  training  the  patients  to  synchronize  their 
breathing  with  the  ventilator.  After  achieving  daytime  intervals 
up  to  4  h  of  restful  NPPV.  nocturnal  use  was  initiated.  Noc- 
turnal polysomnography  prior  to  discharge  documented 
entrainment  with  the  ventilator  for  both  patients.  O;  saturation 
and  PetCO:  readings  were  normal  throughout  both  studies,  as 
was  sleep  architecture.  Current  ventilator  settings  for  the  6- 
year-old  are  assist/control  mode.  Vt  420  mL.  f  .^2.  PEEP  of  5. 
tlowrate  48  L/min.  sensitivity  -1.  and  supplemental  O:  of  0.5 
L/min.  Current  ventilator  settings  for  the  9-year-old  are  assist/ 
control  mode.  Vr  520  mL.  f  .^2.  flowrate  54  L/min,  sensitivitv 


This  case  involved  a  6-mo,  5-kg  boy  with  cerebro-costo- 
mandibular  svndrome,  tracheobronchomalacia,  rib  abnormal- 
ities, and  upper-airway  obstruction  requiring  a  tracheotomy. 
He  was  transferred  to  our  facility  for  discharge  planning, 
including  change  to  a  portable  ventilator  (Lifecare  PLV-IOO). 
The  patient  was  stable  on  a  Sechrisl  IVOOB  \entilator  with  set- 
tings PIP  30  cm  H:0.  PEEP  8  cm  H:0.  t,  0.9  s,  f  6,  and  Fio; 
0.30.  Attempted  ventilation  using  the  PLV-IOO  failed  twice 
secondary  to  tachycardia  and  respiratory  distress.  It  was  sur- 
mised that  the  Sechrist  ventilator  was  tolerated  well  because  of 
the  continuous  How  and  square  waveform  used.  Using  an  air- 
way pressure  monitor  (Novametric  1230A  Pneumogard).  we 
attempted  to  reproduce  the  same  waveform  with  the  PLV-IOO. 
Because  the  t,  is  directly  related  to  Vt  and  flow  on  the  PLV- 
IOO,  the  small  Vj  that  was  required  limited  our  ability  to  pro- 
vide a  longer  t,.  Use  of  an  external  pressure  limiter  (Lifecare 
#6560)  on  the  PLV-IOO  allowed  us  to  deliver  the  desired  t,  and 
waveform.  This  external  pressure  limiter  is  designed  to  be 
placed  on  the  ventilator  at  the  patient  outlet,  and  limits  the  PIP 
independently  of  the  set  Vj.  The  patient  stabilized  on  settings 
of  PIP  30  cm  H:0.  PEEP  8  cm  H:0.  and  t,  0.76  s.  This  strat- 
egy allowed  us  to  mimic  pressure  ventilation  with  a  volume 
ventilator,  making  discharge  of  the  patient  on  a  portable  ven- 
tilator possible.  (OF-9 1 -084) 

Effect  of  Patient  Flow-Triggered  Ventilation  (PFTV)  Pul- 
monary Mechanics  in  Neonates — Kelvin  D  MacDonald 
RCP,  Elizabeth  Saiaz  RRT.  Peter  B  Wang  CRTT,  Ralph  Fran- 
ceschini  MD.  Kaiser  Permanente  Medical  Center.  Los  An- 
geles. California. 

Assist-control  (A/C)  ventilation  has  been  shown  to  improve 
oxygenation  in  infants  (Arch  Dis  Child  1988;63;394-397) 
attributed  to  increased  insufflation  volumes  that  may  be  a 
result  of  changes  in  pulmonary  mechanics.  We  evaluated 
changes  in  oxygenation  and  pulmonary  mechanics  during  neo- 
natal A/C.  Methods:  4  patients  (birthweight  1200-2956  g)  cur- 
rently on  IMV  were  placed  on  the  Bear  Cub  II  PFTV  (River- 
side CA).  A  hot-wire  anemometer  was  used  to  detect  flow  at 
the  airway  and  determine  pulmonary  mechanics.  A  Med- 
Science  pulmonary  function  cart  (St  Louis  MO)  recorded  and 
analyzed  the  signals.  Spo:  (via  Nellcor.  Hay  ward  CA)  was  ana- 
lyzed by  computerized  pulse  oximetry  software  (EMG  Sci- 
entific. Beveriy  Hills  CA);  PtcC02,  O2.  and  mean  airway  pres- 
sure (MAP)  were  also  recorded.  Data  were  captured  con- 
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titiuously  for  I  h  on  CMV,  then  lor  I  h  on  A/C.  Mean  data 
were  evaluated  via  paired  /  test.  Results: 


\t 

Crs 

Spo: 

Picro: 

(L) 

(niL/cm  H.O) 

l^f) 

(torr) 

Before 

0.923 

1.15 

90 

50 

After 

1.24 

1.25 

96 

43 

p  <  0.02 

p  >  0.05 

p  <  0.02 

p  <  0.02 

There  was  an  insignificant  increase  in  .MAP.  No  adverse 
effects  were  noted.  Discussion:  The  increases  in  \fe  were  a 
result  of  the  increased  mechanical  rate  due  to  patient  triggering 
during  A/C.  The  significant  increase  in  Spo:  is  probably  a 
result  of  increased  positive-pressure  inflations  and  alveolar 
ventilation.  Conclusion:  Neonatal  AC  ventilation  appears  to 
have  improved  SpO:  in  these  patients  without  a  significant 
change  in  lung  mechanics  or  MAP.  Longer  controlled  trials  are 
needed  to  determine  the  clinical  usefulness  of  neonatal  A/C. 
(OI--91-155) 

SIMV  Improves  Oxygenation  in  Neonates — Kelvin  D  Mac- 
Donald  RCP.  Peter  B  Wang  CRTT,  Hlizabeth  Salaz  RRT. 
David  D  Wirlschafter  MD.  Kaiser  Pernianente  Medical  Cen- 
ter. Ltix  Angeles.  California. 

Others  have  reported  improvements  in  oxygenation  in  neo- 
nates when  using  synchronized  assist-control  (A/C)  ventila- 
tion. This  has  been  attributed  to  improved  alveolar  volume 
delivery,  although  at  increased  mechanical  rates.  A  new 
abdominal  motion  patient-triggered  ventilator  (PTV)  (Infra- 
sonics.  San  Diego  CA)  that  provides  SIMV  was  studied  for  its 
ability  to  improve  oxygenation  by  reducing  F|o:  within  a  given 
range  of  Spo:.  Methods:  10  stable  infants  >  1.0  kg  ( "x  =  1.9, 
SD  =  0.7)  with  IMV  rates  >  20  breaths/min.  breathing  >  30 
brealhs/min  spontaneously,  were  studied  in  2  successive  3-h 
periods.  .\n  Infant  Star  ventilator  with  the  trigger  module  pro- 
vided IMV  during  the  first  phase  and  SIMV  in  the  second 
phase.  Routine  care  was  provided  to  the  patients  during  each 
phase.  The  Fio:  was  recorded  and  adjusted  to  maintain  SpO: 
90-95''/}-  using  a  pulse  oximeter  (Nellcor,  Hay  ward  CA)  whose 
output  was  recorded  and  analyzed  by  computerized  pulse 
oximetry  software  (EMG  Scientific.  Beverly  Hills  CA). 
Patients  were  also  monitored  with  transcutaneous  CO:  ^t^  O; 
electrodes  (SensorMedics.  Yorha  Linda  CA).  Spontaneous  res- 
piratory rate  was  recorded,  all  other  settings  remained 
unchanged  in  both  periods.  Results:  Mean  (SD)  values  were 
Fio:  (pre/post)  62  {l2)/48  (21);  SpO;  (pre/post)  93  (4)/92  (30; 
spontaneous  f  (pre/post)  38  (5)/33  (4).  Fio:  at  the  end  of  each 
period  was  evaluated  using  a  paired  r  test  (t  =  3.284;  p  <  0.01 ). 
8  of  10  patients  responded  with  a  reduction  in  F102  within  the 
Sp()2  range;  2  infants  required  F102  increases  of  3^r  and  \S'7c. 
respectively.  Changes  in  Picco:  in  each  period  were  unre- 
markable. Discussion:  Reductions  in  F-'io^  are  presumed  to  be  a 
result  (if  impro\ed  aheolar  \()lume  deli\ery  with  synchronous 
\entilation.  This  small  group  suggests  a  direct  benefit  from  a 
PTV  with  our  patient-selection  criteria  without  the  reported 
increase  in  mechanical  rate,  l-'urther  long-term  evaluation  in  a 
more  ili\eisc  population  is  needed.  (()1'-91  - 1  56) 


The  Effects  of  Inspiratory  Time  (tj)  on  Simulated  Hand 
N'entilation  through  Pediatric  Endotracheal  Tubes 
(ETT) — Darrell  Benham  RRT.  .Arkansas  Children's  Hospital; 
Elizabeth  Moudy.  VAMS/CHRP— Utile  Rock.  .Arkansa.s. 

We  studied  the  effect  of  short  t,  and  fast  flow  rates  on  Vi  when 
various  sizes  of  ETT  were  used.  Methods:  Utilizing  the  Servo 
900C  (SIMV  mode),  connected  to  a  Bio-Tek  .Model  VT-2  lung 
simulator  by  various  sizes  of  ETT,  the  Vt  delivered  was  meas- 
ured while  the  t,'7r  was  adjusted  stepwise  on  the  900C  from 
509f  to  Hr/c.  In  the  900C.  by  design  in  the  SI.MV  mode.  Vt  is 
constant  and  fiow  increases  as  the  t.'/r  is  decreased.  Settings 
chosen  were  Vj  120  mU  f  10.  PEEP  5  cm  H2O,  F102  1-0,  \fe 
4.8  L.  The  peak  Paw  was  measured  for  each  size  tube  (t,50%). 
This  value  was  then  set  on  the  Upper  Pressure  Limit  Knob  to 
attain  a  constant  pressure  delivered  to  the  lung.  The  t,  was  then 
decreased,  and  the  resulting  \'j  delivered  by  the  90()C  was 
recorded  for  6  trials  for  each  size  tube  and  t,''< .  Results: 


VydnL)         li(s)  V(Umin) 

0.11(0.00)  0.7(0)  9.2(0..37) 

0.07(0.002)  0.3(0)  13(0.58) 

0.03(0.002)  0.1  (0)  12.7(1.37) 

0.02(0.002)  0.1  (0)  12.8(1.21) 

0.11  (O.OOOl  0.7(0.0)  9.0(0.0) 

0.()S(().()()3)  0.4  (().())  13.3(0.5) 

0.04  (0.002)  ().2({).()4)  15.2(0.7) 

0.03(0.0)  0.1(0.0)  14.2(0.7) 


ETT  Size      li';i 

Paw  (torr)" 

3.0             50% 

41.9(0.25) 

33'7<- 

42.7(0.35) 

25% 

42.9(0.49) 

20% 

43.1  (0.19) 

3.5 


4.0 


4.5 


5.0 


fitWc  38.5(0.15) 

33'*  39(0.55) 

25'7r  38.3(0.41) 

20%  38.7(0.25) 

50%  37.2(0.31) 

33%  37.6  (0.37) 

25%  36.9  (0.25) 

20%  36.7  (0.22) 

50%  36.3  (0.20) 

33%  37.1  (0.40) 

25%  36.7  (0.44) 

20%  .36.3  (0.93) 

50%  36.0(0.18) 

33%  37.2(0.31) 

25%  .36.2(0.51) 

20%  36.3(0.76) 


0.11  (0.0) 
0.09  (0.0) 
0.06  (0.0) 
0.04  (0.0) 

0.11  (0.0) 
0.10(0.0) 
0.07  (0.0) 

0.06(0.0) 

0.11  (0.0) 
0.10(0.0) 
O.OS  (().()) 
0.07  (O.Ol 


0.8(0.1)  8.5(1.1) 

0.5  (0.03)  13.3(0.7) 

0.2  (0.0)  16.7  (0.5) 

0.1(0.0)  17.0(1.2) 

0.7(0.0)  9.0(0.0) 

0.4(0.0)  13.8(0.4) 

0.2(0.0)  18.2(0.4) 

0.2(0.0)  19.0(1.0) 

0.7  (0.0)  9.0  (0.0) 

0.4(0.1)  13.8(0.4) 

0.3  (O.Ol  18.5(0.8) 

0.2(0.0)  21.0(0.6) 


*AI1  values  arc  mean  (.SD);  all  mcasurenienls  iinidc  at  BTPS. 

Conclusion:  The  results  demonstrate  a  direct  relationship 
between  Vy  and  t,.  and  an  indirect  relationship  between  V'l  and 
llowrate.  The  effect  on  V,  was  greater  in  the  smaller  diameter 
ETT.  We  believe  that  if  one  is  attempting  to  simulate  ven- 
tilator Vt  with  a  resuscitation  bag  and  manometer,  one  should 
also  attempt  to  simulate  the  t,  and  flow  rates  of  the  ventilator  to 
assure  proper  V'l  to  the  patient.  (OF-Ol-l  13) 

Intratracheal  Pulmiuiary  \  entilation:  .\  Case  Report— lav 

M  Wilson  MD.  John  E  Thompson  RRT,  Lyniic  K  Bouer  RRT. 
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Jay  Schnil/cr  MD.  Children's  Hospital.  Huston.  Massculut- 
selts.  CW  Lillchei  MD.  T  Kolobow  MD.  Nalunuil  liisiiiiites  of 
Health.  Bethesda.  MaiyUind. 

Previously  reported  data  indicate  that  neonates  with  congenital 
diaphragmatic  hernia  ICDH)  who  demonstrate  a  best  post- 
ductal  PaO:  (BPDPO:l  ot  <  100  torr  on  ma.ximum  conventional 
mechanical  ventilation  (CMV)  have  a  monality  exceeding 
90%.  Despite  resuscitation  with  ECMO.  mortality  increases  to 
lOOOf  if  the  infants  develop  hypercarbia  (PaCO:  >  36  torr)  after 
decannulation.  HisloricalU,  these  patients  have  required 
increasing  ventilator  support  leading  to  iatrogenic  lung  damage 
and  death.  Intratracheal  pulmonary  ventilation  (ITPV).  devel- 
oped by  Kolobow.  incorporates  a  continuous  tlow  of  humid- 
ified gas  thru  a  reverse  venturi  catheter  positioned  at  the  distal 
end  of  the  ETT.  It  has  been  reported  to  reduce  anatomical  dead 
space  (VD)  and  facilitate  expiration  and  CO:  elimination  In 
animal  studies.  We  report  ITPV  application  on  3  separate  occa- 
sions (18  hours  total)  in  a  single  neonate  with  CDH  who  met 
the  above  criteria  for  lOO't^  Tiiortalit\.  Case  Summary:  A  full- 
term  neonate  with  CDH  and  a  BPDPO;  of  38  torr  required  2 
consecutive  courses  of  ECMO  therapy.  Failure  in  each  case 
was  due  to  reoccurrence  of  respiratory  acidosis  secondary  to 
rising  PaCO:-  On  2  separate  occasions  while  the  infant 
remained  on  ECMO  with  the  circuit  clamped.  ITPV  was 
tested.  Subsequently.  ITPV  was  used  on  a  third  occasion  24 
hours  after  successful  decannulation  to  CMV  because  of  a  sud- 
den sharp  rise  in  PaCO:-  In  each  instance.  ITPV  achieved  better 
alveolar  ventilation  and  lower  PaCO:  at  lower  PIP  than  CMV. 
After  the  third  trial  of  ITPV,  which  was  employed  for  6  con- 
secutive hours.  CMV  was  successfully  reinstituted  with  the 
child  eventually  weaning  to  spontaneous  unassisted  ventilation 
without  recurrence  of  hypercarbia.  We  conclude  that  ( 1 )  ITPV 
can  be  utilized  successfully  in  infants  with  CDH;  (2)  ITPV 
achieved  this  reduction  in  PaCO:  at  lower  PlPs  than  CMV;  and 
(3)  ITPV  is  a  powerful  new  tool  thai  should  be  considered  for 
clinical  trials  to  further  evaluate  its  efficacy.  (OF-9 1  - 1  1 5j 

Bronchodilator  Aerosols 

The  V  olume  of  (ias  Kmitted  from  Metered  Dose  Inhalers 

(MDls)— Dean  Hess  MHd  RRT.  Ann  Daughcrty  B.S  RRT, 
Mark  Simmons  MS  RPFT  RRT.  York  Hospital,  York.  Penn- 
sylvania. 

.Study  Question:  What  is  the  volume  of  gas  emitted  from  com- 
monly used  MDIs?  Methods:  We  studied  Alupent  (Boehringcr 
Ingelheim).  Atro\eiil  (Boehringcr  Ingclhcim).  Beclovent 
(Allen  &  Hanburys).  Intal  (Fisons),  and  Ventolin  (Allen  & 
Hanburys).  The  test  system  consisted  of  plastic  bag  (Dow 
Ziploc  pleated  storage  bag).  Instrumentation  Industries  RTC 
23-D  MDI  adapter,  4-way  stopcock,  and  60-mL  calibrated 
syringe.  The  system  was  glued  together  (Duro  Household 
Cement),  and  absence  of  leaks  confirmed  by  underwater  test- 
ing. Each  evaluation  consisted  of  10  puffs  from  the  MDI  into 
the  bag.  after  which  the  \olunie  in  the  bag  was  determined 
using  the  syringe,  and  the  \olumc/puff  calculated  by  dividing 


by  10.  Each  i>pe  of  MDI  was  evaluated  at  3  levels  of  fullness: 
nearly  full,  partially  empty,  and  nearly  empty.  The  Intal  MDI 
(contains  112  puffs  when  full)  was  evaluated  at  1-10  puffs 
(nearly  full.  =102-112  puffs  remaining  in  MDI).  51-60  puffs 
(partially  empty,  =52-61  puffs  remaining),  and  91-100  puffs 
(nearly  empty,  =12-21  puffs  remaining).  The  other  MDIs  (each 
contain  200  puffs  when  full)  were  evaluated  at  I -10  puffs 
(nearly  full.  =191-200  puffs  remaining  in  MDI).  91-100  puffs 
(partially  empty.  =100-109  puffs  remaining  in  .MDI).  and  181- 
190  puffs  (nearly  empty,  =10-19  puffs  remaining  in  MDI).  The 
MDIs  were  shaken  before  each  activation,  and  5  evaluations 
were  made  with  each  MDI  brand  (using  a  new.  MDI  canister 
for  each  set  of  measurements).  Mean  (SD)  \olumes  were  cal- 
culated, as  well  as  two-way  analysis  of  variance  using  MDI 
brand  as  a  grouping  variable  and  volume  remaining  in  the  MDI 
(full,  partially  empty,  nearly  empty)  as  a  repealed  measures 
factor.  Results:  The  mean  (SD)  volumes  (niL)  emitted  from 
each  MDI  at  each  le\el  are  shown  below. 


MDI 

nearh  full 

partially  empty 

nearlv  enipts 

Alupent 

15.6(0.4) 

15.2(0.1) 

14.7(0.2) 

Atro\ent 

14.8(0.2) 

14.5(0.1) 

14.7(0.2) 

Beclovent 

17.2(0.3) 

17.1  (0.3) 

17.2(0.2) 

Inial 

14.7(0.3) 

14.9(0.2) 

14.8(0.3) 

Ventolin 

19.8(0.4) 

19.5(0.4) 

19.3(0.3) 

There  was  a  significant  difference  in  the  volumes  emitted 
between  MDI  brands  (p  <  0.001 )  and  the  levels  of  fullness  (p  = 
0.001).  There  was  a  significant  interaclion  between  .\1DI  brand 
and  level  of  fullness  (p  =  0.001 ).  Conclusions:  The  \  olume  of 
gas  emitted  from  these  MDIs  was  small  (eg,  15-20  mL)  and  is 
too  small  to  be  clinically  important  in  the  care  of  adult 
patients.  The  volume  of  gas  emitted  from  an  MDI  can  be 
potentially  important  if  MDIs  are  used  with  \ery  small  tidal 
volumes  in  a  closed  system  (eg.  infants).  .Although  statisticall) 
significant,  the  differences  in  volume  between  levels  of  full- 
ness were  not  clinically  important.  (OF-91-028) 

The  Effect  of  Oiiuent  upon  Aerosol  Characteristics — Grey 
Benton  MA  RRT.  Robert  Kim  Woodward  BS  RRT,  Nancy 
Lewis  MD.  Oakland  Children's  Hospital.  OaUaml.  California. 

Wc  replaced  normal  saline  with  water  for  bronchodilator  dilu- 
tion and  studied  the  effect  on  aerosol  mass/L.  percentage  of 
respirable  particles,  number  of  particles/mL,  and  particle  diam- 
eter. 6  solutions  were  prepared  using  standard  aerosol  treat- 
ment proportions  of  mctaproterenol  (Alupent)  and  albuterol, 
diluted  with  water  and  saline.  45-niL  aliquots  were  nebulized 
using  a  SPAG  II  nebulizer  without  a  drying  chaniber.  Each 
aerosol  was  analyzed  3  times  with  a  TSI  Aerodynamic  Panicle 
SizcriModel  3300)  Results:  .Average  results  are  shown. 


Dihilcd  wuh: 

2.5  mL  saline 

2.5  ml.  water 

No  drug 

Aerosol  mass: 

353.3  pg/L 

3.8  ;;g/L 

(control) 

<7r  Respirable: 

93.8<7r 

33.1'7f 

#  particles: 

706667/mL 

185/mL 

Mean  iliameter: 

O.SS  //111 

2.47  fim 

?2(l 
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Diluted  with: 

2.5  mL  saline 

2.5  mL  water 

0.5  mL 

.•\erosol  mass: 

404.7  ^g/L 

185.0^g/L 

Albuterol 

%  Respirable: 

81.7'r 

33.6% 

(0.5%) 

#  particles: 

7l43.^.VmL 

29300/mL 

Mean  diameter: 

0.87  um 

1 .24  ;/m 

0.3  mL 

Aerosol  mass: 

553.0 /jg/L 

263.3  ^g/L 

Alupent 

%  Respirable: 

80.5% 

44.3% 

(5.0%) 

#  particles: 

916667/mL 

264333/mL 

Mean  diameter: 

0.88  um 

0.80  /jm 

The  aerosol  mass/L,  the  percent  aerosol  that  is  respirable  (able 
to  reach  the  airways),  and  the  number  of  particles/mL  of  gas 
were  greater  when  saline  v\as  used  instead  of  water.  The  mean 
aerodynamic  diameter  of  the  particles  was  smaller  when  saline 
was  used  instead  of  water,  except  with  metaproterenol  and 
then  the  diluent  made  very  little  difference.  We  conclude  that 
saline  is  an  important  component  of  solutions  for  aerosol  ther- 
apy and  that  replacing  saline  \\  ith  another  diluent  can  change 
the  characteristics  of  the  aerosol.  (OF-9 1-036) 


Titration  for  Optimal  Dose  Response  to  Bronchodilators 
Usins  MDl  and  Spacer  in  \  entilated  Adults — James  B  Fmk 

MS  RCP  RRT.  Neal  H  Cohen  MD.  Jack  Covington  BS  RCP, 
Michael  J  Mahlmeister  MS  RCP  RRT.  UCSF  Medical  Center, 
San  Franci.sco.  California. 

Patients  who  require  mechanical  ventilation  often  have  bron- 
chospasm  requiring  treatment.  The  optimum  method  of  admin- 
istering bronchodilators  (BDs)  to  intubated  patients  is  unclear. 
Many  practitioners  now  use  BDs  administered  via  MDL  Sev- 
eral studies  have  documented  decreased  deposition  of  aerosols 
associated  with  the  presence  of  endotracheal  tubes  and  the 
physical  characteristics  of  ventilator  circuits.  As  a  result,  large 
doses  of  BDs  may  be  necessary  for  the  intubated,  ventilated 
patient.  We  implemented  a  clinical  protocol  for  titrating  BD 
dosage  to  determine  the  optimal  dose  required  to  achieve  a 
clinical  response  in  ventilated  patients.  Method:  85  adult  ven- 
tilated patients  with  orders  for  aerosolized  albuterol  (Proventil, 
Schering  Corp.  Kenilworth  NJl  had  MDI  administration  with 
an  Aerovent  spacing  device  (Monaghan  Medical  Corp.  Platts- 
burgh  NY)  placed  in  the  inspiratory  line  of  the  ventilator  cir- 
cuit. Patients  were  given  2  series  of  10  puffs  at  5-min  intervals, 
followed  by  4  series  of  5  puffs,  up  to  a  ma.ximum  of  40  puffs. 
Parameters  including  heart  rate,  arrhythmias,  respiratory  rate, 
blood  pressure,  presence  of  tremor,  breath  sounds.  PIP.  plateau 
pressure  (Ppiaicau).  mean  airway  pressure  (MAP),  inspiratory 
resistance  (R.l  and  auto-PEEP  were  monitored  before  initial 
administration  and  following  each  series  of  puffs.  Puffs  were 
administered  20-30  seconds  apart  at  beginning  of  inspiration. 
Series  of  puffs  were  repeated  until  dosage  reached  40  puffs. 
heart  rate  increased  >  20%  from  baseline,  arrhythmias  were 
noted,  or  tremor  developed.  Optimal  response  was  defined  as 
the  dose  at  which  the  greatest  improvement  in  one  or  more  of 
the  monitored  parameters  was  achieved.  When  subsequent 
puffs  did  not  yield  greater  improvement,  titration  w  as  stopped. 


Results:  85  patients  received  an  average  total  dose  of  34  puffs 
(range  10-35).  51  patients  (60%)  demonstrated  a  positive 
response  to  therapy  with  average  optimal  response  at  22.2 
puffs:  34  patients  (40%)  demonstrated  no  measurable  or  sub- 
jective improvement  after  40  puffs.  35/85  patients  had  a  his- 
tory of  smoking  or  reversible  airway  disease,  and  only  6  of 
these  (17%)  did  not  respond  to  the  maximum  titrated  dose.  4 
patients  experienced  adverse  or  toxic  responses  at  an  average 
of  23.7  puffs  (range  10-35).  2  patients  developed  increased 
heart  rate  (92-128  at  10  puffs  and  78-96  at  35  puffs),  and  2 
patients  had  continued  or  increased  PVCs  with  the  titration. 
All  adverse  responses  resolved  spontaneously  within  5  min  of 
onset  and  did  not  require  treatment.  Initial  titrations  required 
an  average  45  min.  Medication  costs  for  40  puffs  is  approx- 
imately $1.20  for  the  total  treatment.  Conclusion:  The  number 
of  puffs  required  to  produce  objective  evidence  of  optimal 
response  is  higher  than  anticipated,  and  a  large  percentage  of 
patients  have  a  defined  clinical  threshold  of  response  with  no 
toxic  reaction.  Toxicity,  if  it  occurs  at  all,  is  minimal  and  does 
not  require  treatment,  except  discontinuation.  No  other  mor- 
bidity or  mortality  was  associated  with  titrated  doses.  (OF-9 1 - 
039) 

Titration  for  Optimal  Dose  Response  of  Albuterol  Using 
MDI  and  Spacer  in  Non-Intubated  Adults — James  B  Fink 
MS  RCP  RRT.  Neal  H  Cohen  .MD.  Jack  Covmgton  BS  RCP. 
Michael  J  Mahlmeister  MS  RCP  RRT.  UCSF  Medical  Center. 
5(;/;  Francisco,  California. 

Non-intubated  patients  who  require  bronchodilatator  therapy 
are  commonly  treated  in  the  hospital  with  metered-dose  inhaler 
(MDI).  We  describe  a  clinical  protocol  designed  to  determine 
the  optimal  dose  of  albuterol  administered  via  MDI  with 
spacer.  Methods:  Using  albuterol  MDI  (Proventil.  Schering 
Corp.  Kenilworth  NJ)  with  the  Aerochamber  spacer  (Mon- 
aghan Medical  Corp.  Plattsburgh  NY),  we  titrated  the  dose  for 
optimal  response  in  100  adult  patients  with  orders  to  receive 
aerosolized  therapy.  Patients  were  given  a  series  of  4  puffs  at 
5-min  intervals  up  to  a  maximum  of  20  puffs.  Individual  puffs 
were  administered  on  inspiration,  20-30  s  apart.  Heart  rate,  res- 
piratory rate,  breath  sounds,  peak  flow  or  FEV].  and  subjective 
response  were  monitored  before  initial  administration  and  fol- 
lowing each  series  of  puffs.  Series  were  repeated  until  pulse 
rate  increased  >  20%,  arrhythmias  were  noted,  tremor  devel- 
oped or  dosage  reached  20  puffs.  Initial  response  was  defined 
as  >  10%  increase  in  peak  flow  or  FEV|.  or  a  discernible 
improvement  in  breath  sounds  or  subjective  response.  Optimal 
response  was  defined  as  dose  at  which  response  was  greatest  in 
I  or  more  of  the  monitored  parameters.  When  subsequent  puffs 
did  not  yield  greater  improvement,  titration  was  stopped. 
Results:  100  patients  received  an  average  dosage  of  14.5  puffs 
(range  2-20).  92  patients  demonstrated  a  positive  response  to 
therapy  with  average  initial  response  at  5.2  puffs  (range  of  2- 
12)  and  average  optimal  response  at  10.3  puffs.  8  patients  dem- 
onstrated no  measurable  or  subjective  improvement.  20 
patients  experienced  adverse  or  toxic  responses  at  an  average 
of  12.8  puffs  (range  4-20).  1 1  patients  developed  light  to  mod- 
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erale  tremor.  4  patients  experienced  2()9r  increase  in  pulse  rate. 
3  patients  became  light-heaiied  or  di^zy.  and  1  patient  com- 
plained of  palpitations  and  fatigue.  Subsequent  treatments 
were  given  at  the  optimally  determined  dose  with  20-30  s 
between  puffs.  No  adverse  responses  were  reported.  Initial 
titrations  required  an  average  of  30  min.  All  adverse  responses 
resolved  spontaneously  within  5  inin  of  onset.  Subsequent 
treatment  averaged  6  min  vs  15-20  min  for  standard  small  \ol- 
iime  ncbuli/er  treatments  (SVN).  with  no  important  increase  in 
medication  costs.  Conclusions:  Number  of  puffs  required  to 
demonstrate  objective  evidence  of  optimal  response  in  non-in- 
tubated  adults  is  often  as  high  as  20  puffs.  A  large  percentage 
of  patients  see  a  clniical  threshold  of  response  between  2  and 
20  puffs  with  no  toxic  reaction.  Toxicity,  if  it  occurs  at  all.  is 
minimal  and  does  not  require  treatment  other  than  dis- 
continuation. No  other  morbidity  or  mortality  was  associated 
with  titrated  doses.  Titration  of  dose  using  MDI  with  spacer 
may  have  implications  for  reducing  costs  of  respiratory  care  in 
the  treatment  of  the  acute  bronchospastic  patient:  although  ini- 
tial titrations  are  time-consuming,  subsequent  treatments  re- 
quire less  therapist  time.  (OF-91-04()l 

Improved  Kfficaey  of  Hand-Held  Nebulizers  with  Inspir- 
atory Reservoirs  of  Increased  Length — Paul  Stephan  RRT. 
Fran  Evans.  Laurie  Goslinga.  Wendy  Stritch,  Deborah  A  Holt. 
Santa  Fe  Community  College.  Gainesville.  Florida. 

We  investigated  how  changes  in  length  of  inspiratory  res- 
ervoirs affected  the  aerosol  delivery  of  a  hand-held  nebulizer 
at  varying  Vjs.  Methods:  To  simulate  spontaneous  patient 
breathing,  an  Emerson  Post-Op  Ventilator  was  connected  to 
one  side  of  a  Training  Test  Lung  (TTL).  A  Pall  filter  was  con- 
nected to  the  other  side  of  the  TTL  to  trap  the  aerosolized  solu- 
tion. Two  lest  groups  were  run  with  a  4-mL  solution  of  normal 
saline  aerosolized  for  6  min  at  8  L/min.  Group  I  utilized  a  13.5 
cm  (50  mLl  reservoir  and  Group  II  a  203  cm  (760  mL)  res- 
ervoir. Each  group  had  6  trials  at  Vys  of  350  and  530  niL  for  a 
combined  total  of  24  trials.  Results:  Group  I  showed  Httle  dif- 
ference in  amount  of  solution  trapped  on  the  filter  paper  for  the 
two  Vys  studied.  Group  II  showed  the  amount  of  solution 
trapped  on  filter  paper  was  increased  significantly  (p  <  0.05) 
over  that  of  Group  I  for  both  Vjs.  Group  II  demonstrated  a  sig- 
nificant difference  (p  <  0.05)  in  aerosol  delivery  over  Group  I 
at  350  and  530  mL.  respectively.  Conclusion:  Increasing  Vj 
as  well  as  inspiratory  reservoir  length  significantly  improves 
the  amount  of  aerosolized  solution  available  for  inspiration. 


1 

.2  '^ 


1.00  — 
0.75  - 
0.50 
025 


350  ml  Vt 


530  ml  V-T 


Fig.  1.  Comparison  of  solution  trapped  on  the  basis  of  Vt  and 
reservoir  lencth.  (OF-91-I()0) 


More  studies  are  needed  to  e\aluatc  whether  increasing  the 
total  amount  of  bronchodilalor  delivered  will  enhance  its  effi- 
cacy in  the  clinical  setting  (see  Fig.  I). 

Treatment  of  Status  Asthmatlcus  with  Continuously  Aero- 
solized .Mbuterol — N  Tate  Bennett  CRTT.  Cape  Fear  Valley 
Medical  Center.  Fayellcville.  North  Carolina. 

Some  patients  with  status  asthmalicus  require  mechanical  ven- 
tilation despite  standard  therapy  that  tspicalls  includes  inter- 
mittent aerosolization  of  a  beta  agonist.  amiiioph\lline  infu- 
sion, and  systemic  steroids.  My  RC  Dept  has  developed  a 
method  of  deli\ering  high-dose,  continuously  aerosolized  albu- 
terol that  has  been  effective  in  avoiding  mechanical  ventila- 
tion. Twenty-four  patients  with  severe  respiratory  distress 
(including  substernal  retractions,  poor  air  movement,  wheez- 
ing, deteriorating  arterial  blood  gases,  and  decreased  O:  satura- 
tion not  responding  to  standard  treatment)  were  administered 
high-dose  albuterol  aerosolized  continuously  at  0.6  mg/kg/h. 
Albuterol  mi.xed  with  0.45%  saline  in  a  buretrol  was  dripped 
into  a  small  volume  nebulizer.  O:  flow  was  maintained  at  6-8 
L/min.  Heart  rate,  f  O:  saturation,  and  peak  flow  were  mon- 
itored every  30  min.  Mean  (SD)  length  of  treatment  was  3.9 
(0.4)  h.  Peak  flow  increased  from  89  (82)  L/min.  f  decreased 
from  38  ( 14)  to  29  (14)  breaths/min.  heart  rate  increased  from 
138  (36)  to  141  (36)  beats/min.  and  O;  saturation  increased 
from  95  (5)  to  99  (3)  %.  Decreased  wheezing,  increased  air 
mo\ement.  and  absence  of  respiratory  distress  were  noted  in 
all  patients  upon  termination  of  high-dose  albuterol  aero- 
solized continuously.  There  were  no  obvious  side  effects  of  the 
high-dose  albuterol  (such  as  increased  heart  rate,  nervousness, 
or  nausea).  In  our  24  patients,  intervention  with  high-dose 
albuterol  aerosolized  continuously  appeared  to  be  safe  and  effi- 
cacious. (OF-91- 125) 

Comparison  of  Aerosol  Delivery  via  Two  MDI  Adapters 
during  .Mechanical  Ventilation — Thomas  A  Barnes  EdD 
RRT.  Nancy  Chen  PhD.  Northeastern  University.  Boston. 
Massachusetts. 

We  compared  the  amount  of  MDI-generated  aerosol  that  pen- 
etrates a  9-mm  endotracheal  tube  (ETT)  during  MV  using  the 
Boehringer  Laboratories  9056  nondisposable  Bronchodilator 
Tee  and  Monaghan  disposable  AeroVent  holding  chamber. 
Method:  AeroVent  (S3. 95)  and  Boehringer  (S71.50)  were 
evaluated  to  determine  the  amount  of  respirable  ( 1-4  jim)  aero- 
sol penetrating  a  9-mm  anatomically  shaped  ETT  when  used 
with  an  MDI.  Both  MDI  adapters  were  used  with  an  Intertech 
Volume  Ventilator  Circuit  model  003280  attached  to  a  Bennett 
MA-1.  Boehringer  was  placed  between  the  Y  and  the  ETT. 
AeroVent  was  placed  in  the  inspiratory  limb  proximal  lo  the  Y 
and  attached  to  the  ETT  with  6  in  of  disposable  aerosol  tubing. 
A  Bennett  Cascade  I  was  used  to  humidify  the  inspiratory  gas 
to  33°C  measured  proximal  to  the  Y.  The  ventilator  delivered 
I  L  into  the  circuit  at  a  flow  of  30  L/min.  Vj  and  Vwere  ver- 
ified using  a  calibrated  Timeter  RT-200.  A  calibrated  6-stage 
cascade    impactor    (California    Measurements    Model    AS-6. 
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Sierra  Madre  CA)  was  used  to  characterize  the  aerosol  pen- 
etrating the  ETT.  This  unit  through  which  air  was  drawn  at 
12.5  Umin  was  fitted  with  evaporation  chamber  (EC).  EC  was 
modified  from  a  3-L  round-bottom  distillalion  bottle  by  addi- 
tion of  another  port.  The  diameter  of  the  EC  was  16  cm.  MDl 
adapters  were  tested  using  a  nonaqueous  suspension  aerosol 
described  by  Dalby  and  Byron  (Pharm  Res  1988:5:36-39).  The 
aerosol  contains  1.099;  microni/cd  disodium  tluorescein  (DF) 
as  the  model  drug,  stabilized  by  1.0%  sorbitan  triolate  in  a 
blend  of  fluorocarbons  (29.37%  and  68.53%  Freon  11  and  12, 
respectively).  A  50-/iL  metering  valve  (Bespak,  Carry  NC) 
was  used  throughout,  and  each  spray  contained  754  /jg  of  DF. 
The  actual  amount  of  DF  delivered  through  stem  orifice  was 
corrected  for  the  actual  sample  weight.  The  MDI  was  actuated 
midway  through  a  2-s  inspiration  emitting  spray  into  a  continu- 
ous gas  fiow.  Following  10  actuations  spaced  at  6-s  intervals 
(cannisler  shaken  vigorously  after  every  2  puffs)  the  DF  depos- 
ited in  the  MDl  adapter,  Y.  expiratory  limb.  ETT.  EC.  and 
each  stage  of  cascade  impactor  was  determined  spectro- 
photometrically  at  488.5  nni.  Results: 


'/f  Output  from  ETT' 

Total 

EC 

Impaclor 

Respirablet 
(l-4/jni) 

Boehringer 
AeroVenl 

2.40(1.16) 
1.50(0.34) 

1.48(1.22)         0.93(0.24) 
0.34(0.32)         1.16(0.09) 

9r  Elsewhere* 

0.87(0.23) 
1.11  (0.08) 

blT 

Extension 
Tube 

Y 

Adapter 

Boehringer 
AeroVent 

80,15(0.56) 
4.52(0.41) 

5.52(0.53) 

9.75(4.72) 

17.44(0.78) 
78.53  (5.97) 

"  Percentage  of  dose  cmitled  from  5()-/iL  metering  \al\c.  Mean  iSD)  of  three 
replicates. 

t  The  respective  mass  median  aerodjnamic  diameter  (SD)  was  determined  to  be 
1.64  (0.12)  and  1.54  (0.03)  when  using  Boehringer  and  AeroVent  MDI  adapt- 
ers. 


No  significant  difference  existed  between  the  total  and  respir- 
able  aerosol  penetrating  the  ETT  when  the  Boehringer  was 
compared  to  the  AeroVent  (ANOVA,  p  =  0.26  and  0.16, 
respectively)  but  a  signficant  difference  in  aerosol  impacting  in 
the  ETT  (ANOVA.  p  <  0,0001).  Conclusion:  AeroVenl  pre- 
vents large  nonrespirable  particles  from  impacting  in  the  ETT. 
Further  study  appears  to  be  warranted  to  determine  the  appro- 
priate dose  for  different  adapters  used  ftir  MDI-generated  aero- 
sol during  MV.  (OF-91-160) 

Effect  of  a  New  Nebuli/er  Position  on  .Aerosol  Delivery 
during  Mechanical  \  entilation — William  \\  Ouinn,  .•\lion 
Ochsncr  Medical  Foundation,  AVu-  Orleans.  Luuisiaiui. 

In  light  of  recent  research.  I  sought  to  demonstrate  an  inex- 
pcnsise  in-vitro  model  of  aerosol  delivery  to  (he  ventilated 
patient  and  to  use  this  model  to  evaluate  a  new  nebulizer  posi- 
tion. Method:  Filters  treated  with  yellow  coloring  were  placed 
in  a  trap  position  between  the  endotracheal  lube  and  the  test 
lung.  Blue  food  coloring  was  nebulized  while  the  ventilator 
cycled.  Results  were  generated  by  single-blind  scoring  of  test 
filters  against  a  scale  of  30  yellow  filters  exposed  to  nebulized 
blue  coloring  for  timed  periods  in  5-s  increments,  10  trials  in 
each  of  5  test  groups  were  conducted  to  study  the  effects  of 
mode  and  position.  Results:  Group  I  (continuous  flow  with 
nebulizer  90  cm  from  patient  Y)  mean  fSD)  score  was  8.2 
(0,75).  Group  2  (continuous  flow  with  nebulizer  180  cm  from 
Y)  was  11.8  (0.6).  Group  3  (intermittent  flow  with  nebulizer 
90  cm  from  Y)  was  1.8  (0.4).  Group  4  (intermittent  flow,  same 
position,  but  with  simulated  spontaneous  breathing  added  to 
lake  advantage  of  the  7200  ventilator's  nebulizing  on  every 
breath)  was  4.9  (0.7).  Group  5  (continuous  fiow  with  nebulizer 
180  cm  from  ^'.  with  simulated  spontaneous  breathing  as  in 
Group  4)  12.8  (0.98).  Conclusion:  Continuous  nebulization 
180  cni  from  the  Y  (directh  on  the  ventilator  connection) 
offers  the  patient  significantly  more  medication  than  either 
continuous  or  intermittent  nebulization  90  cm  from  the  Y  (p  < 
0.001 ),  even  when  the  ventilator  is  intermittently  nebulizing  on 
spontanecHis  breaths.  (()F-9 1-147) 
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For  Your 

COPD  Patients: 


Choose  the 
Optimal 
Pulmonary 
Diet 


PULMOCARE  is  the  only 
commercially  available 
enteral  product  formulated 
specifically  for  the  patient 
with  COPD: 


•  High  fat,  low  carbohydrate 
to  reduce  CO2  production 
and  respiratory  quotient  in 
hypercapnic  patients.'^ 


PULMOCARE' 

Specialized  Nutrition  for 
Pulmonary  Patients 


))LMOCAS 


-*'^- 


fUUWDCAM 


m 


FOR  PULM( 


complete  I 


complete  li 


strawb?' 


iSg^ 


•  Provides  adequate  protein  to 
maintain  lean  body  mass  and 
support  anabolism  without 
precipitating  respiratory 
problems. 

•  Reduces  exercise-induced, 
postprandial  dyspnea 
compared  with  standard 
enteral  nutrition 
supplements. '^-^ 

•  Higher  caloric  and 
vitamin/mineral  levels  to 
provide  optimal  nutrition 
for  fluid-restricted  patients. 

•  Appropriate  for  ambulatory 
or  ventilator-dependent 
patients  as  an  oral  supple- 
ment or  tube  feeding. 

Clinically  demonstrated  as 
effective  in  the  dietary 
management  of  patients  with 
respiratory  disease. '-^ 


1  Angelillo  VA,  Bedi  S.  Durlee  D.  et  al.  Effects  ol  low  and 
htgfi  carbohydrate  feedings  in  ambulatory  patients  witti 
ctironic  obstructive  pulmonary  disease  and  chronic 
hypercapnia  Ann  Intern  Med  1985.103  883-885 

2  Goldstein  SA,  Thomashow  B,  Askanazi  J  Functional 
changes  during  nutritional  repletion  in  patients  with  lung 
disease  Clin  Chest  Med  1986.7  141-151 

3  Garfinkel  F.  Robinson  S,  Price  C  Replacing  carbohy- 
drate calories  with  fat  calories  in  enteral  feeding 

for  patients  with  impaired  respiratory  function, 
abstracted   JPE/V  1985:9:106 
4,  Sklarek  H.  Feinsilver  SH.  Niederman  MS,  el  al  Effect  of 
high  and  low  carbohydrate  nutritional  supplementation 
on  exercise  performance  in  COPD.  abstracted  Am  Rev 
Respir  Dis  1987.135:A359 

5  Frankfort  JD.  Fischer  CE.  Slansbury  DW.  et  al 
Comparison  of  Ensure  Plus  HN  and  Pulmocare  on 
maximum  exercise  performance  m  patients  with  chronic 
airflow  obstruction,  abstracted  Am  Rev  Respir  Dis 
1987:135:A361 
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Power 
mode. 


Circle  143  on  reader  service  card 
Visit  Island  147  in  Atlanta 


The  IRISA®  Ventilator  System. 

With  the  IRISA®  from  PPG  SAR.\,  you've  got  all  the 
ventilator  equipment  you'll  ever  need,  with  future 
enhancements  and  new  operating  modes  just  a 
chip  away. 

Because  each  desired  feature  can  be  quickly  installed 
with  software,  not  expensive  and  bulky   "hang-ons.' 

Only  IRISA  fully  integrates  all  ventilator  functions, 
displaying  real-time,  accurate  -waveforms  and  the  most 
comprehensive  selection  of  measured  values. 
Simultaneously. 

The  waveform  display  lets  you  see  what  you're 
doing,  while  IRISA's  array  of  options  permits  you  to 
ventilate  patients  at  the  lowest  possible  pressures. 

For  example,  only  IRISA  offers  APRV  (Airway 
Pressure  Release  Ventilation),  a  new  spontaneous 
mode  of  ventilation.  And  Inverse  Ratio  with  Pressure 
Control  has  always  been  a  standard  feature,  along 
with  carefree  maintenance  that  minimizes  cost. 

IRISA.  The  choice  of  power  for  your  ICU. 


SARA  Medical  Systems 

PPG  Industries,  Inc.,  PO  Box  15955  ' 


SB  SARA 


Lenexa,  KS  66215  913-894-'500 
800-.32 1-3251 
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RESPIRATION 
FEEDBACK 


The  RFb  SYSTEM^'  retrains  diaphragmatic  respiration  by  safely  and 
noninvasively  altering  brainwave  patterns  that  control  this  function. 

H.  Leuner,  M.D. 

RFb  SYSTEM™ 

Infrared  Diaphragmatic  Sensor  •  Respiration  Quotient  •  Totally  Effortless  For  Patient 


**A11  patients  had  large  improvements  in  both  their  02  saturations  and 
their  A.T.S.  dyspnea  scores."^ 


UNIQUE  BENEFITS 


RFb 


iy[      •  Increases  blood  oxygen  saturation^ 

•  Reduces  oxygen  requirements^ 

•  Reduces  dyspnea  significantly^ 

•  Results  are  long  lasting^ 

•  Case  studies  available 


Dyspnea  arises  from  the  inappropriate  relationship  between  the  force  of 
contraction  of  the  respiratory  muscles  and  the  volume  of  air  exchange.  It  is 
our  belief  that  RFb  realigns  this  relationship  and  decreases  the  work  of 
breathing."^ 

i'2.t  Wm.  Shearouse  RRT. 

''The  Use  of  Respiratory  Biofeedback  in 
Respiratory  Disease":  Respiratory  Care, 
Nov.  1991. 


NO  SPECIAL  TRAINING  REQUIRED 

Easy  Lease  Payments  Available 

CRT.  CODE  AVAILABLE  FOR  REIMBURSEMENT 


MANUFACTURER  REPRESENTATIVE  AREAS  AVAILABLE 


RFB  TECHNOLOGIES 

5840  Town  Bay  Drive 

Suite  #217 

Boca  Raton,  Florida  33486 

(407)  367-8611 

FAX  (407)  451-8560 

CAUTION:  Law  restricts  the  sale  and  use  by  or  on  the  order  of  a  licensed  practitioner. 

ATLANTA  A.A.R.C.  MEETING 
EXHIBIT  #1134 


Circle  145  on  reader  service  card 

Visit  Booth  1134  in  Atlanta 


EXHIBITORS 

at  ihc  ,''>7lli  Anniuii  Mniing  and  Exposiiioii 

c)l  llu- 
American  Association  for  Rt'spiiaioiA  Care 

December  7-10,  1991 
Atlanta,  Georgia 

Thousands  of  examples  of  respiraton'  care  equipment  and  supplies  are  displayed. 

discussed,  and  demonstrated  in  the  exhibit  booths  at  the  Annual  Convention. 

The  A.iXRC  thanks  the  firms  that  suppon  the  Association  by  exhibiting. 
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fVlEDISONIC  respiratory  care  products 


HOME  CARE 
HOSPITAL  CARE 


The  Compact  Ultrasonic 
Humidifier/Inhaler 

The  alternative  that  is  simply  better! 

High  Output  Flow  &  Fluid  Consumption 
•  Accepts  all  Pre-filled  Packs 
Sputum  Induction 
•  Heated  Aerosol 
•  Cool  Aerosol 
•  Continuous  Nebulization 
*  TRULY  Reliable 

Three  (3)  year  warranty 

See  for  yourself! 

Visit  our  AARC 
booth  529  in  Atlanta. 


^7.     '  Battery  option  available 
for  portability 


MEDISONIC  U.S.A.  INC. 


9600  MAIN  STREET 
CLARENCE,  NEW  YORK  14031 


Circle  130  on  reader  service  card 

Visit  AARC  Booth  529  in  Atlanta 


PHONE;  (716)759-7213 
FAX:  (716)  759-7215 


AARC  CONVENTION  EXHIBITORS 


Exhibitor 


Booth 


Exhibitor 


Booth 


National  Institules  of  Health 243 

Nellcorinc 1135 

Newpon  Medical  Instruments  Inc 725,  727,  729,  731 

Nicolel  Instrument  Corporation 150 

Nihon  Kohden  America  Inc 509,511 

NMCHomecare 627 

Nonin  Medical  Inc 808.  810 

North  Carolina  Baptist  Hospital — Winston-Salem S()6 

Nova- VentRx  Inc 505 

Nova  Biomedical 138,  140 

Novametrix  Medical  Systems  Inc 547 

O 

Ohmeda 301 

Olympic  Medical 353 

Orlando  Regional  Medical  Center — Orlando  Fl. 944 

Ortho  Pharmaceutical  Corporation 600,  602 

Ottawa  University/Kansas  City — Overland  Park  KS 428 

Oxford  Medical  Inc 707 

P 

Paico  Laboratories 241 

Pall  Biomedical  Products  Corporation 435,  437 

Patient  Care  Systems 

Division  of  Siemens  Medical  Systems  Inc 153 

Peace  Medical  Inc 1008,  1010 

Pegasus  Research  Corporation 703 

Pfizer  Labs 555.557 

PK  Morgan  Instruments  Inc 945,  947,  949 

Posey  Company 818 

PPG  Biomedical  Systems 147 

Precision  Medical 444,446 

Preemicare  Corporation 348 

Presbyterian  Hospitals  of  NM — Albuquerque  NM 239 

Primedica 709,711 

Professional  Medical  Products  Inc 329,  331 

Pro  Med  Pharmacies 1138 

Publishers  for  Conventions  Inc 336 

PulmoCare  Pharmacy  Inc 654 

Pulmonary  Data  Service  Instrumentation 759 

Puritan-Bennett  Corporation 1 14 

Q 

Quinton  Instrument  Company 515.  517.  519.  521.  523 

R 

Radiometer  America  Inc 935.  1 039 

Reneau  Inc 81  I 

Respironics  Inc 1 141 

RFB  Technologies 1 1 .34 

RNA. Medical 439,441 

Roerig  a  Div  of  Pfizer 442 

Ross  Laboratories 339,  341 

S 

S  &  M  Instrument  Company 525.  527 

Salter  Labs 1254.  12.56 


Sarasota  Memorial  Hospital — Sarasota  FL 604 

Schering  Corporation 328,  330 

Schiller  America 144 

Scott  and  White  Hospital— Temple  TX 338 

.Sechrist  Industries  Inc 407,409,411 

Sensor.Mcdics  Corporation 535 

Shands  Hospital  at  Univ  of  Florida — Gainesville 936 

Sherwood  Medical  Company 901,  903 

Shileylnc 247,249 

Sleep  Care  Inc 726 

SleepTrace  Corporation 657 

Sonlek  Medical  Inc 620 

SpaceLabs  Inc 453.  455 

Spirometries  Inc 360.  362 

Spirotech  Div/Andersen  Instruments  Inc 440 

Sporicidin  International 224,  226 

St  Luke's  Episcopal  Ho.spital — Houston  TX 1037 

St  Paul  Medical  Center— Dallas  TX 343 

Stuart's  Specialty  Division 1048 

Sunnydale  Industries  Inc 354 

T 

Tamarac  Systems  Corporation 349 

Teddy -Tech  Inc 245 

Teledyne  Electronic  Devices 457.  459 

Transtracheal  Systems 860.  862 

TravCorps 934 

TSG  Health  Care  Resources 148 


U 


University  of  Iowa  Hospitals  and 

Clinics — Iowa  City  I A 1 155 

University  of  Rochester/Strong 

Memorial  Hospital — Rochester  NY 1029 

The  University  of  Texas  Medical  Branch — Galveston 701 

Utah  Medical  Products  Inc 1025 

V 

Vacumed 124.  126 

Vencor  Inc 227 

Vital  Signs  Inc 1 147 

Vitalograph  Inc 346 

Vitaltrends  Technology  Inc 1 148 

W 

Wake  Medical  Center— Raleigh  NC 142 

Warren  E  Collins  Inc 829 

Washington  Hospital  Center — Washington  DC 1 122 

WB  Saunders  Company 448 

Western  Enterprises 852,  854 

Western  Michigan  University — Kalamazoo  MI 1353 

Williams  &Wilkins 606 

WT  Farley  Inc 614 

X.Y.  Z 

Yale-New  Ha\en  Hospital — New  Haven  CT 253 

Zvmed  Inc 334 
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Notices  of  competilions.  scholarships,  fellowships,  examination  dates,  new  education  programs,  and  the  like  will 
be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired 
month  of  publication  (January  1  for  the  March  issue.  February  1  for  the  April  issue,  etc).  Include  all  penineni 
information  and  mail  notice  to  Respiratory  Care  Notices  Dept.  1 1030  Ahlcs  lane.  Dallas  TX  1^229  A^9} 


Notices 


THK  ALLEN  AM)  HANBl  RYS  PI  BLICATIONS  AWARDS  FOR  1991 

1.  S2,000  for  the  best  original  paper  (study,  evaluation,  or  case  report)  accepted 
for  publication  in  RESPIRATORY  Care  from  November  1990  through  October 
1991. 

2.  Four  awards  of  $1. ()()()  each  for  papers  based  on  1990  Oi'KN  I-okim 
presentations  accepted  for  publication  in  Respiratory  Care  from  November 
1990  through  October  1991. 

.V  Five  awards  of  $5(X)  each  for  the  best  papers  (submitted,  not  necessarily 
published)  from  'never  published  in  RC  Open  Forlm  participants.  The  author 
must  present  the  abstract  at  the  Annual  Meeting  and  must  submit  a  paper  based 
on  the  abstract  before  the  Annual  Meeting  (received  in  the  Editorial  Office  by 
December  1). 


REGISTRATION  REIMBIRSEMF.NT 

FOR  Oet\  I  OKI  M  PAPERS 

Any  1991  Oi'[-N  Eokim  presenter  (or  co-author  designee)  who  submits  an 
adequately  prepared  paper  based  on  his  or  her  Open  Forum  presentation  prior 
to  or  ai  the  1991  Annual  Meeting  will  be  reimbursed  for  Annual  Meeting 
registration.  The  submitted  paper  must  contain  complete  data,  he  appropriately 
organized,  and  be  typed  double-spaced.  Camera-ready  artwork  need  not  be 
submitted  uuh  the  paper,  but  sketches  of  proposed  figures  should  be  clear  and 
detailed  enough  to  allow  cntique 

RADIOMETER  AMERICA 

Radiometer  America  Inc  is  offering  three  awards  of  S333  each  for  the  best 
features  from  (1)  Test  Your  Radiologic  Skill.  (2)  Blood  Gas  Corner,  and  (3) 
PPT  Corner  accepted  for  publication  from  No\ember  1990  through  October 
1991. 

The  awards  will  be  made  at  the  1991  Annual  Meeting  Paper*;  are  judged 
automatically.  No  application  is  necessary. 


AARC  ANNUAL  CONVENTION  SITES  &  DATES 

1991— Atlanta.  Georgia.  December  7-10 
1992 — San  Antonio.  Texas.  December  I2-1.'> 
1993 — Nashville.  Tennessee.  December  11-14 
1994 — Las  Vegas.  Nevada.  December  12-15 
1995— Orlando.  Florida.  December  2-5 

PUBLICATION  OF  INTEREST 

"Children's  Exposure  to  Environmental  Cigarette  Smoke  Before  and  Alter 
Birth— Health  of  Our  Nation's  Children.  1988,"  MMWR  I991;4I):5()4. 

Smgle  copies  of  this  document  are  a\ailable  from  the  Scientific  and  Technical 
Information  Branch.  NCHS.  CDC.  Room  1064,  6525  Belcresi  Road.  Hyattsville 

Mil  2117X2   itni  i4^6-SS(«l 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1992  Examination  and  Fee  Schidult- 

CRTT  Examination 

Perinatal/Pediatric  Fxainination 

EXAMINATION  DATE: 

MARCH  14. 

1992 

EXAMINATION  DATE: 

MARCH  14.  1992 

Applications  Accepted  Beginning; 

November  1. 

1991 

Applications  .Accepted  Beginning: 

July  1.  1991 

Application  Deadline: 

January  1. 

1992 

.Application  Deadline: 

November  1.  1991 

E.XAMINATION  DATE: 

JULY  18. 

1992 

Application  Fee 

SI. 50 
$130 

.Applications  Accepted  Beginning: 

March  1. 

1992 

Reapplicalion  Fee: 

Application  Deadline: 

May  1. 

1992 

Fee  Schedule 

EXAMIN.ATION  DATE: 

NOVEMBER  14. 

1992 

Entry  Level  CRTT— new  applicant: 

S  90.00 

Applications  Accepted  Beginning: 

July  1. 

1992 

Entry  Level  CRTT — reapplicant: 

$  60.00 

Application  Deadline: 

September  1. 

1992 

RRT  Written  and  Clinical  Simulation — 

new  applicant: 
Written  Registry  Only—  new  applicant: 

$190,00 

RRT  Examination 

$  9(),(X) 

EXAMINATION  D.ATE: 

JUNE  6. 

1992 

Written  Registry  Only — reapplicant: 

S  60,00 

Applications  Accepted  Beginning: 

December  1. 

1991 

Clinical  Simulation  Only — new  and  reapplicant: 

$IOO,tX) 

Application  Deadline: 

February  1 

1992 

Entry  Level  CPFT— new  applicant: 

SIOOtK) 

EXAMINATION  DATE: 

DECEMBER  5 

1992 

Entry  Level  CPFT— reapplicant: 

S  80,00 

Applications  Accepted  Beginning: 

June  1 

1992 

Advanced  RPFT — new'  applicant: 

$150,00 

Application  Deadline: 

August  1 

1992 

.Advanced  RPFT— reapplicant: 

$130,00 

RI'FI  Ex 

imination 

CRTT  Recredentialing: 

Active 

$25.00 

Inactive 

$  60.00 

IXAMINAIION  DA  IE 

DEC  IMHER  5 

1992 

RRT  Recredentialing: 

Applications  Accepted  Beginning: 

July  1 

1992 

Written  Regislrs  Examination 

$25,00 

$  60,00 

,-\pplicalion  Deadline: 

September  1 

1992 

Clinical  Simulation  lixamination 

$65.00 

$100.00 

CPFT  Examination 

CPFT  Recredentialing: 

$25.00 

$  80.00 

RPFT  Recredentialing: 

$25.00 

$130.00 

EXAMINATION  DATE: 

JUNE  6 

1992 

P/P  SPEC: 

$25,00 

$1.10,00 

Applications  Accepted  Beginning: 

December  1 

1991 

,Ap|ilic.iIion  Deadline: 

April  1 

1992 

Membership  Rcnc«,il  CRTT,  RRT  (PIT/RPKT 

$  12.00 

S.MO  Nicinan  Road  • 

1  fn*'xa 

.  Kansas  66214  •  l9Hi  .^99-4:01) 
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New  WAUi 


om! 


WAVE 

VENTILATOR 


Before  you  make  your  next  purchase  .  .  .  STOP!  The  New 
feneration  in  Ventilation,  the  Wave,  has  arrived! 

^et  us  introduce  you  to  the  Wave's  unique  advanced  functions: 

•  Bias  Flow 

•  Predictive  Learning  Logic 

•  A  New  Pressure  Support  System 

•  Rapid  Response  Trigger  System 

•  .  .  .  and  more 

^or  additional  information  on  this  exciting  new  product  or  to  arrange  for  a 
lemons tration,  contact  Newport  Medical  Instruments  at  1-800-451-3111. 


~f* 


fit 


JEWPORT  MEDICAL  INSTRUMENTS,  INC.    300  N.  NEWPORT  BLVD.,  NEWPORT  BEACH,  CA  92663    (714)642-3910    1-(800)  451-31 11        FAX  (714)  548-3091    TELEX  68-5603 

Circle  133  on  reader  service  card  visit  AARC  Booth  725,  727,  729,  731  in  Atlanta 


Professor  s  Rounds 
in  Respiratory  Care 

Live  Satellite  Video<onferen(es 

Earn  Your  Staff  CEUs 
Without  Leaving  Your  Institution 

Professor's  Rounds  in  Respirator}'  Care  earns  your  statt  continuing  education  credit  while  taking  you  and 
vour  staff  inside  the  decision-making  process  of  caring  for  a  patient  with  a  real  case.  Each  90-minute 
session  allows  time  for  viewers  to  talk  with  the  presenters  via  telephone  and  ha\-e  their  questions  answered. 


Va 


Each  program  delivers 

Pressure  Support  During  Mechanical  Ventilation 

January  28,  1992,  1 1:30  a.m.- 1:00  p.m.  Eastern  ^ 

Neil  R."A\aclnt3re,  .MI),  and  David  J.  Pierson,  MD  f 

Understand  what  pressure  support  is  and  how  it  ditlers  trom  other 

methods  of  applying  pressure  to  the  airway. 
Learn  the  clinical  situations  in  which  pressure  support  may  be  usetul. 
Understand  how  pressure  support  is  used  during  \entilator  weaning. 
Learn  how  to  determine  appropriate  lexeis  ol  pressure  support  in 

dillerent  clinical  situations. 

Hemodynamic  Monitoring 

March  ill,  1992,  11:50  a.m.-l:00  p.m.  Eastern 

John  J.  Marinl,  MD,  and  David  J.  Pierson,  MD 

Know  the  dillerent  lorms  ol  invasive  and  noninvasive  heinodynaniic 

monitoring  currently  used  in  intensive  care. 
Ixarn  how  to  determine  what  level  of  monitoring  is  appropriate  lor  a 

given  patient. 
Understand  how  positive  end-e.\pirator\'  pressure  and  other  therapies 

affect  hemodynamic  parameters. 
Know  the  mam  complications  ol  invasive  hemodynamic  monitoring. 

Weaning  from  Mechanical  X'entilation 
May  6,  1992,  12:.lO.2:O0  p.m.  Eastern 
Alartin  J.  Tobin,  MD,  and  David  J.  Pierson,  MD 

Know  the  different  basic  approaches  to  ventilator  weaning  and  how 

they  dilfcr. 
Understand  the  differences  in  weaning  Irom  short-term  and  long- 
term  mechanical  ventilation. 
Know  the  principal  respirator^'  measurements  used  in  predicting 

abilitj'  to  wean  and  how  to  interpret  them. 
Know  the  main  causes  (or  weaning  failure. 


hours  of  instruction 

Pulmonar\'  Rehabilitation 

JuK  9,  1992,  12:50-2:00  p.m.  Eastern 

Barn  .Make,  MD,  and  David  J.  Pierson,  MD 

Know  the  components  of  a  comprehensive  rehabilitation  program. 
Understand  how  to  select  appropriate  candidates  for  pulmonary' 

rehabilitation. 
Learn  how  to  identity  and  set  both  short-term  and  long-term  goals 

for  patients. 
Know  how  to  assess  a  patient  s  progress  and  tollow-up. 

Aerosol  Administration 

September  25,  1992,  12:50-2:00  p.m.  Eastern 

Dean  Hess,  MEd,  RRT,  and  David  J.  Pierson,  .MD 

Know  the  basic  principles  underlying  the  therapeutic  use  ol  drugs  by 

the  aerosol  route. 
Understand  the  dlllerences  in  efficacy  and  use  ol  metered-dose 

Inhalers  vs.  nebulizers. 
Learn  how  to  administer  and  assess  the  eftccts  ol  bronchodilators 

during  mechanical  ventilation. 
Learn  techniques  lor  correct  use  ol  aerosol  devices  by  patients. 

Prc\ cntion  of  Postoperative  .\teleclasis  and  Pneumonia 
November  17,  1992,  12:50-2:00  p.m.  Eastern 
Richard  D.  Branson,  RRT,  and  David  J.  Pierson,  MD 

Understand  the  pathogenesis  of  postoperative  atelectasis  and 

pneumonia. 
Ix^arn  how  to  identify  patients  at  increased  risk  lor  de\  eloping 

postoperative  atelectasis  and  pneumonia. 
Know  how  lo  decrease  the  risk  ol  nosocomial  pneumonia  m 

Intubated  ICU  patients. 
Understand  the  roles  ol  chest  physiotherapy,  bronchoscopy,  and 

other  therapies  in  managing  acute  lobar  atelectasis. 


About  the  Presenters 

•  David  J.  Pierson,  .MD  —  .Wedical  Director  ot  Respirator}'  Care,  Harbor\ie\v  .Wedical  Center.  Assistant  Professor  ol  iMedicine, 
Lini\er'sit\  nt  Washintflon,  Seattle.  WA. 

•  Neil  R.  Maclntyre,  iMD  —  Medical  Director  ol  Respiraton-  Care  Senices,  Duke  L'ni\ersily  Medical  Center,  Durham,  NC.  .Assistant  Professor 
ot  Medicine,  Duke  Universitv'  Medical  Center.  Durham,  NC. 

•  John  J.  Marini,  MD  —  Professor  o(  .^\edicme,  L'niversitv  o(  .^\edicine.  Director  ol  Pulmonar\7Critical  Care,  St.  Paui-Ramsev  Medical  Center, 
St.  Paul.  .MN. 

•  Martin  J.  Tobin,  ,MD  —  Professor  ol  .Medicine,  lx)yola  Unlversir\'  ol  Chicago  Stritch  School  ol  Medicine.  Program  Director,  Division  of 
Pulnionar\'  and  Critical  Care  Medicine,  Hines  Jr.  Veterans  Affairs  Hospital,  Mines,  IL. 

•  Barrj'  Make,  MD  —  Director  of  Pulmonary  Rehabilitation,  National  Jewish  Center  for  Immunologx'  &'  Respiratory-  Medicine.  .Associate 
Professor  of  Medicine,  University  of  Colorado  School  ol  Medicine,  Denver,  CO. 

•  Dean  Hess,  .MEd,  RRT  —  Assistant  Director  of  Research,  York  Hospital.  Program  Director,  York  College  of  PennsyKania,  School  of 
Respiratorx'  Therapy,  York,  PA. 

•  Richard  D.  Branson,  RRT  —  Clinical  Instructor  of  Surgers',  Division  ot  Trauma  and  Critical  Care,  University  ot  Cincinnati  ,Medical  Center, 
Cincinnati,  OH. 


Complete  Your  CEU  Requirements  for  the  Entire  Year 

Each  program  in  Professor  s  Rounds  in  Respirator\-  Care  earns  participants  1  CEU  or  si.\  total  CEUs  when  you  subscribe  to  the  entire  series. 

Who  Should  Attend 

•  .Medical  Directors  ot  Respiraton'  Care  •  Respiratorx'  Care  Technical  Directors,  Supervisors.  &'  Staff      •  Allergists 

•  Respirator)'  Care  Program  Directors,  Staff,  &  Students     •  Pulmonologists  •  Critical  Care  Physicians 

•  .Acute  Care  Specialists  •  ICU  Nursing  Staff  •  Critical  Care  Nurses 

Tapes  and  Options  for  Those  Without  Satellite  Reception 

It  you  want  to  participate  live  and  earn  CEUs,  you  may  consider  using  a  local  college,  hold,  library,  sporls  bar,  or  any  site  with  a  receiving  dish. 
Or,  tapes  of  each  program  will  be  available  after  the  broadcast  (tapes  do  not  earn  CEUs).  Call  the  AARC  at  (214)  243-2272  for  information. 

I  want  to  earn  continuing  education  credit  for  my  staff  witli  Professor's  Rounds  in 
Respiratory  Care.  Register  my  liospital  for  the  videoconferences  i  have  checlced  below. 


^ 


..    All  Six  Videoconferences  in  Professor's  Rounds  (SVT) 
n  Pressure  Support  During  Mechanical  Ventilation  (SVTl )  Q  Hemodynamic  Monitoring  (SVT2) 

n  Weaning  from  Mechanical  Ventilation  (SVT3)  D  Pulmonary  Rehabilitation  (SVT4) 

n  Aerosol  Administration  (SVT5)  D  Prevention  of  Postoperative  Atelectasis  and  Pneumonia  (SVT6) 

Rates 

Register  before  December  17,  1991,  and  save  on  additional  10%.  For  a  staff  of  30,  costs  you  less  than  $  10  each  staffer. 


Early  Registration 

Before  Decern  bet  27,1991 


Single  .   All  6 

Videoconference      in  Series 


AARC  Member 
Nonmember 


$221 
$266 


$1,188 
$1,436 


After  December  27,1991 


AARC  Member 
Nonmember 


Single  All  6 

Videoconference      in  Series 


$245 
$295 


$1,320 
$1,595 


AARC  Member  Number 
Total  Amount  Enclosed  $ 
P.O.  Number 


in  the  Amount  of  $ 


Bill  to  My   "  MasterCard     \  Visa 

Credit  Card  #   

Expires Signature   


Send  Registration  Material  To: 

Name 


Telephone  Number 

Institution 

Address 


City/State/Zip. 


Mail  to:  AARC  Videoconferences,  AHN:  Registration  -  SATNET  4,  P.O.  Box  140909,  Irving,  TX  75014-0909.  Call  |2 14|  8300061  o.  fAX  to:  (214)  830061 4 


RE/PIRATORy  ORE 


Manuscript-Preparation  Instructions  for 
Authors  and  Tvpists 


General  Inlormalion 

Respiratory  Care  welcomes  onginal  manuscripis  relaied  to 
respirator.'  care  and  prepared  according  lo  these  Instructions. 
Perfection  is  not  required,  but  elfons  in  that  direction  are 
appreciated.  Computer  diskette  submissions  are  encouraged 
and  may  reduce  processing  and  review  lime.  See  requirements 
m  these  Instructions. 

Editorial  consultation  is  available  by  telephone  or  letter  at 
any  stage  of  planning  or  writing.  Specific  guidance  (in  printed 
form)  will  be  provided  on  request  for  writing  a  research  paper, 
a  case  report,  an  c\alualion.  a  rex'iew,  overview,  or  update  or  a 
book  review;  for  conxemng  to  and  from  SI  units;  and  tor  in- 
house  manu.script  review.  For  typists,  a  model  manuscnpi.  list 
of  journal  name  abbreviations,  and  copy  of  these  Instructions 
is  available.  Write  to  Respiratory  Care.  1 1030  .Abies  Lane. 
Dallas  TX  75229-4.S93.  or  call  (214)  243-2271 

Manu.scnpts  are  iTCAiewed  b\  authoritative  referees  in  a  dou- 
ble-blind manner.  .Accepted  manuscripts  may  be  copyedited 
for  clarity  and  .style;  authors  receive  galleys  to  proofread 
before  publication.  Published  papers  are  cnp>rii;hted  by  the 
publisher  and  may  not  be  published  elsewhere  without  per- 
mission. 

Publication  Categories 

Research  Article:  A  report  of  an  original  investigation  (a 
study). 

Evaluation  of  De>ice/Methoii/Technique:  A  descnption  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or 
modification. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or 
was  treated  m  a  new  way,  or  is  exceptionally  instructive.  .All 
authors  must  have  been  associated  with  the  case.  A  case- 
managing  phxsician  must  either  be  an  author  or  furnish  a  letter 
approving  ihe  manu.scnpt. 

Review  Article:  A  comprehensive,  critical  review  of  the  lit- 
erature and  state-of-ihe-an  summarv'  of  a  pertinent  topic  that 
has  been  the  subject  of  at  least  -M)  published  research  articles. 

Overview:  ,A  critical  review  of  a  pertinent  topic  about  which 
not  enough  has  been  published  lo  merit  a  Review  .Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that 
has  been  cntically  reviewed  in  this  journal  or  elsewhere. 

Point  (if  \  lew  Paper:  A  paper  expressing  personal  but  sub- 
■-lantiatcd  iipmions  on  a  pertinent  and  controversial  topic. 

Special  Article:  .A  pertinent  paper  not  lilting  one  ot  the  fore- 
going categories  may  be  acceptable  as  a  Special  Article.  It  is 


advisable  to  consult  the  Editor  before  writing  or  submitting 
such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
may  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in 
this  journal,  or  about  other  pertinent  topics.  Tables  and  illustra- 
tions may  be  included.  Type  double-spaced,  supply  a  title, 
mark  "For  publication." 

Blood  Gas  Comer:  A  bnef.  instructive  case  report  involving 
respiraiorv'  care  blood  data — with  questions,  answers,  dis- 
cussion. 

PFT  Comer:  Like  Blood  Gas  Comer,  but  involving  pul- 
inonarv'  function  tests. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Comer,  but 
involving  pulmonarv  medicine  radiography  and  including  one 
or  more  radiographs,  may  involve  imaging  techniques  other 
than  conventional  chest  radiography. 

Review  of  Book.  Film.  Tape,  or  Software:  A  balanced,  crit- 
ical re\  levv  oi  a  recent  relea.se. 

Considerations 

Prior  and  Duplicate  Publication:  Work  that  has  been  fiub- 
iislu'd  or  Mccpied  elsewhere  usualh  should  not  be  submitted. 
In  special  instances,  the  Editor  may  consider  such  material, 
provided  that  permission  to  publish  is  given  by  the  author  and 
other  publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

Authorship:  All  persons  listed  as  authors  should  have  par- 
ncipated  in  the  reported  work  and  the  shaping  of  the  manu- 
scnpi; all  should  have  proofread  the  submitted  manu.scnpt;  and 
all  should  be  able  to  publicly  discuss  and  defend  die  paper's 
content.  .A  paper  with  collective  (corporate)  authorship  must 
specify  the  key  persons  responsible  for  the  article.  Authorship 
IS  not  justified  solely  on  the  basis  of  solicitation  of  funding, 
collection  or  analysis  of  data,  provision  of  advice,  or  similar 
services.  Persons  performing  such  ancillary'  services  may  be 
recognized  in  the  .Acknowledgments  section. 

Conflict  oflnteiiest:  Authors  of  rc.search  or  evaluation  papers, 
point  ^^i  Mcw.  or  editorial  arc  xskcd  lo  disclose  on  the  manu- 
scnpi's  title  page  any  liasion  or  financial  arrangement  they 
may  have  with  a  manufacturer  or  distributor  who.se  product 
figures  in  the  submitted  manuscript  or  with  the  manufactiutsr 
or  distnhulor  of  a  competing  product,  i  Such  arrangements  will 
not  disqualify  a  paper  from  consideration  and  will  not  be  dis- 
closed 10  reviewers. ) 
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INSTRUCTIONS  FOR  AUTHORS  &  TYPIST 


hr;iMd  names  may  be  ijivcn  in  parentheses  alter  generic  names. 
Commercial  Products — Identity  any  commercial  product 
(includini;  model  number  it' applicable)  the  first  time  it  is  men- 
tioned, giving  the  manufacturer's  name.  city,  and  state  or  coun- 
try— in  parentheses  in  the  text.  If  four  or  more  products  are 
mentioned,  do  not  list  any  manufacturers  in  the  text;  instead, 
list  them  on  a  Product  .Sources  page  at  the  end  of  the  text 
belorc  the  Reterences.  Pro\idc  model  numbers  when  a\ailable 
and  manulacturer's  suggested  price  it  the  study  has  cost  impli- 
cations. 

E-.thics — When  reporting  experiments  on  human  subjects,  indi- 
cate that  procedures  were  in  accordance  with  the  ethical  stan- 
dards of  the  institution's  committee  on  human  experi- 
mentation. State  that  int'ornied  consent  was  obtained  after  the 
nature  of  the  procedure(s)  had  been  explained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that 
the  institution's  or  any  national  guide  or  national  law  on  the 
care  and  use  of  laboratory  animals  w as  followed. 

.Statistics — In  the  last  paragraph  of  the  Methods  section,  iden- 
tity the  statistical  tests  used  in  analyzing  the  data,  and  give  the 
prospectively  determined  level  of  significance.  Cite  references 
to  support  choices  of  tests.  (Cite  textbooks  or  published  arti- 
cles, not  handbooks  of  commercial  software.)  Idenli(\  any  gen- 
eral-use or  commercial  computer  programs  used,  naming  man- 
ufacturers and  their  locations. 

Results  Section:  Present  results  in  logical  sequence  in  the  text. 
Tables  and  illustrations  may  also  present  data.  Do  not  repeat  in 
the  text  all  the  data  in  the  tables  or  illustrations;  emphasize  or 
summarize  only  important  observations  and  trends.  Be  sure  to 
report  all  the  results;  do  not  save  some  of  them  for  the  Dis- 
cussion section.  Do  not  discuss  the  findings  in  the  Results  sec- 
tion. Exact  p  values  are  preferred  in  all  cases  but  are  essential 
when  values  are  not  statistically  significant.  Dii  not  report  orig- 
inal results  merely  as  nonsignificant  or  NS. 

Discus.sion  Section:  It  may  be  useful  to  restate  the  research 
question(s).  but  do  not  repeat  in  detail  the  data  or  other  mate- 
rial gi\en  in  the  Introduction.  Methods,  or  Results  sections, 
bmphasize  the  new  and  important  aspects  iif  the  study  and  the 
conclusions  that  lollow  Ifom  them.  Present  the  implications 
and  limitations  of  the  findings — including  implications  for 
future  research.  Relate  the  findings  to  other  rele\  ant  published 
work.  Link  the  conclusions  with  the  goals  of  your  work,  but 
a\(ild  unqualified  statements  and  conclusions  not  completely 
supported  by  your  data.  Avoid  claiming  priority  and  alluding 
to  work  that  has  not  been  completed.  State  new  hypotheses 
when  warranted,  but  clearly  label  them  as  such.  Recommenda- 
tions, when  appropriate,  may  be  included.  Provide  a  clear 
'take-away'  message  for  readers — either  at  the  end  of  the  Dis- 
cussion section  or  in  a  separate  section  Conclusions. 

Product  Sources  Page:  When  nunc  than  three  commercial 
products,  including  statistical  software,  are  mentioned  in  the 
paper,  list  manufacturers'  names,  cities,  and  states  or  countries 
on  a  Product  Sources  page  alfcr  the  text.  For  each  kind  ot 


product,  list  the  generic  term,  brand  name  and  model  number, 
manulacturer's  name.  city,  and  slate  or  country.  Man- 
ufacturer's suggested  price  should  be  included  when  the  study 
or  evaluation  has  cost  implications.  For  example: 

Manual  Resuscitators: 

BagEasy.  Respironics  Inc.  .Murry  sville  PA.  S2().50 

Code  Blue.  Vital  Signs  Inc.  Totowa  NJ.  SI 9.85 

Ventilators: 

7200.  Puritan-Bennett  Corp.  Overiand  Park  KS 

Bear  Cub.  Bear  Medical  Systems.  Ri\erside  CA 

Ackno«  k'dgnK'nl.s  Page:  On  this  page  you  may  recognize  the 
sei^ices  of  persons  who  made  ancillary  contributions  to  the 
work  or  the  manuscript.  Such  services  might  be  advice  about 
methodology;  data  collection;  statistical  advice  or  analysis; 
equipment  selection  or  operation;  cooperation  as  caregiver, 
patient,  or  subject;  manuscript  preparation;  in-house  review; 
and  other  services.  Each  acknow  ledgment  must  specify  the  ser- 
vice rendered.  Named  persons  must  pro\ ide  written  agreement 
(accompanying  submitted  manuscript)  to  be  so  recognized. 

References 

Use  of  References:  References  are  used  to  support  statements 
of  fact,  to  indicate  sources  of  information,  or  to  guide  readers 
to  further  information.  Be  careful  to  make  clear  in  the  text  the 
reason  for  a  specific  citation  (ie.  do  not  imply  support  of  a 
statement  of  fact  by  citing  a  reference  that  simply  addresses 
the  issue).  Cite  only  sources  that  have  actually  been  consulted 
and  evaluated  by  the  authors.  Cite  onl\  published  or  accepted 
material.  Cite  original  articles  in  preference  to  textbooks, 
review  articles,  abstracts,  editorials,  or  letters.  Avoid  citing 
abstracts  more  than  .^  vears  old  and  make  every  effort  to  deter- 
mine whether  an  abstract  has  been  subsequently  published  as  a 
full-length  paper.  .-Xvoid  citing  non-English  language  sources. 
When  citing  from  a  book,  specify  the  page  numbers  unless  you 
are  citing  the  entire  book.  If  you  cite  a  paper  that  has  been 
accepted  but  not  set  published  ("in  press"),  provide  a  copy  of 
the  paper  to  the  editor  when  \ou  submit  \our  manuscript. 

Do  not  cite  unpublished  obser\ations  as  references.  Instead, 
identity  written  (not  oral)  communications  in  parentheses  in 
the  text,  giving  the  writer's  name  and  location  and  the  date  of 
the  communication.  Information  from  manuscripts  submitted 
but  not  yet  accepted  should  be  cited  in  the  text  (in  parentheses) 
as  "unpublished  observations." 

Citing  References  in  the  Text:  The  first  reference  you  cite  is 
Reference  I.  the  next  is  Reference  2.  etc.  After  the  first  citation 
of  a  reference,  use  its  original  number  if  you  cite  it  again  later 
in  the  paper.  Cite  references  b\  superscript,  full-size,  arable 
numerals.  Do  not  enclose  in  parentheses.  If  a  citation  numeral 
is  located  at  the  end  of  a  phrase  or  sentence,  place  the  numeral 
after  (outside)  the  comma,  semicolon,  or  period — not  before 
(inside)  it. Avoid  citing  references  at  the  end  of  a  phrase  or  sen- 
tence if  they  pertain  only  to  internal  parts  of  the  phrase  or  sen- 
tence; instead,  cite  them  at  the  pertinent  places  within  the 
phrase  or  sentence. 
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INSTRUCTIONS  FOR  AUTHORS  &  TYPIST 


Listin}>  RcfiTi'iiccs:  Starting  on  a  new  page  after  the  text,  list 
the  retereiices  iii  numerical  order.  Do  not  employ  "op  cit"  or 
"ibid."  Type  references  double-spaced,  using  the  styles  of  the 
examples  given  hereafter.  List  all  authors  (do  not  use  "et  al"l. 
In  titles  of  articles  and  books,  capitalize  only  tlrst  words  and 
proper  names.  Abbreviate  journal  names  as  in  Index  Medicus. 
Spell  out  in  full  the  names  of  less  well  known  or  nonindexed 
journals  and  periodicals  It  the  cited  item  is  an  abstract,  edi- 
torial, or  letter,  identity  it  as  such  in  parentheses  following  the 
item's  title.  Provide  both  first  and  last  complete  page  numbers. 
Do  not  leave  spaces  between  dates  and  volume  and  page  num- 
bers. Obtain  authors'  names,  article  and  book  titles,  dates,  and 
volume  and  page  numbers  from  the  oiiiiiinil  cited  articles  and 
books,  not  from  other  articles"  reference  lists,  which  often  are 
inaccurate.  Examples  of  correct  reference  listings  follow  (these 
are  single-spaced  here  but  must  be  double -spaced  in  a  manu- 
script). 

Article  in  a  journal  carrying  pagination  throughout 
volume: 

1.  Shepherd  KE.  Johnson  DE.  Bronchodilator  testing:  an 
analysis  of  paradoxical  responses.  Respir  Care  1988; 
33:667-671. 

Article  in  publication  that  numbers  every  issue  beginning 
with  Page  1 : 

2.  Bunch  D.  Establishing  a  national  database  for  home 
care.  AARC  Times  1 991  :l5(Mar):6 1.62.64. 

Corporate  autlior  journal  article: 

3.  American  Association  for  Respiratory  Care.  Criteria  for 
establishing  units  for  chronic  ventilator-dependent 
patients  in  hospitals.  Respir  Care  1988;33:1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  meth- 
ods of  numbering  and  identifying  supplements.  Supply  suf- 
ficient infomiatiiin  lii  alUnv  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis. 
Chest  1986:89(3.  Suppl):l39s-I43s. 


Letter  in  journal: 

8.    Smith   DE.   Herd  D.  Gazzard  BG.   Reversible  bron- 

choconstriction    with    nebulised    pentamidine    (letter). 
Lancet  1988;2:9().'S. 

Paper  accepted  but  not  yet  published: 

'■)      Hess  D.  New  therapies  tor  asthma.  Respir  Care  (year,  in 
press). 

Personal  author  book:  (Specific  pages  should  be  cited  when- 
ever possible.) 

10.  Nunn  JF.  Applied  respirator)  phvsiology.  New  York: 
Appleton-Century  Crofts.  1969. 

Note:  To  specify  pages  in  a  book,  place  a  colon  after  the  year 
and  then  list  the  page(s).  Examples:  1969:85  (one  page). 
1969:85-95  (series  of  contiguous  pages).  1969:85.95  (separ- 
ated pages). 

Corporate  author  book:  (Specific  pages  should  be  cited 
whenever  possible.) 

I  1 .  American  Medical  Association  Department  of  Drugs. 
AMA  drug  evaluations.  3rd  ed.  Littleton  CO:  Publishing 
Sciences  Group,  1977. 

Book  with  editor(s):  (Specific  pages  should  be  cited  when- 
ever possible.) 

12.  Guenter  CA,  Welch  MH.  editors.  Pulmonary  medicine. 
Philadelphia:  JB  Lippincott.  1977. 

Chapter  in  book:  (Specific  pages  should  be  cited  whenever 
possible.) 

13.  Pierce  AK.  .Acute  respiratory  failure.  In:  Guenter  CA. 
Welch  MH.  editors.  Pulmonary  medicine.  Phildelphia: 
JB  Lippincott,  1977:171-223. 


Abstract  in  journal:  (Abstracts  are  not  strong  references. 
Abstracts  more  than  3  years  old  should  not  be  cited.  When 
cited,  abstracts  should  be  identified  as  such.) 

5.  Stevens  DP.  .Scavenging  ribavirin  from  an  oxygen  hood 
to  reduce  environmental  exposure  (abstract).  Respir 
Care  I990;35;1087-1088. 

Editorial  in  journal: 

6.  Rochester  DF.    Does   respiratory    muscle   rest   relieve 
fatigue  or  incipient  fatigue.'  (editorial).  .Am  Re\  Respir 
Dis  1988;138:516-517. 

Editorial  with  no  author  given: 

7.  High   freqiiencv    ventilation   (editorial).   Lancet    1991; 
1:706-708. 


Newspaper  article: 

14.  Rensberger  B.  Specter  B.  CFCs  may  be  destroyed  by 
natural  process.  The  Washington  Post  1988  Aug  7:Sect 
A:2(Col  5). 

Dictionary  or  similar  reference: 

15.  Pneumohemopericardium.  Dorland's  illustrated  medical 
dictionary,  26th  ed.  Philadelphia:  WB  Saunders.  1981: 
1038. 

Tables:  Use  tables  to  display  information,  compare  data,  or 
show  trends.  Start  each  table  on  a  separate  page.  Do  not  con- 
struct a  table  with  fewer  than  four  lines  (rows)  of  data  (instead, 
put  the  data  in  the  text).  .Avoid  more  than  8  columns  across. 
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INSTRUCTIONS  FOR  AUTHORS  &.  TYPIST 


Nuiiihcr  liihlcs  as  Tabic  1.  Tabic  2.  etc.  (.■oiisccutiscls  In  the 
orilci  111  llicir  lirsl  iiicnium  in  the  icxl.  Place  the  niimbei  and  a 
lU'scriptive  title  abinc  the  table  (not  on  a  separate  page).  Give 
each  column  a  brief  headinj;.  Place  explanatory  matter  in  foot- 
notes, not  in  the  title  or  column  headings.  Explain  in  footnotes 
all  nonstandard  abbreviations  and  symbols  used  in  the  table. 
To  key  footnotes  to  the  table  body,  use  conventional  designa- 
tions (asterisk,  dagger,  double  dagger,  etc)  in  consistent  order, 
placmg  them  superscript  ui  the  table  body . 

Douhle-spaci'  all  elements  ol  tables,  nicluding  titles,  column 
headmgs.  data,  and  footnotes.  Continue  a  deep  table  t)n  fol- 
lowing pages.  Do  not  use  horizontal  or  vertical  rules.  Do  not 
submit  tables  as  photographs,  or  reduced  in  si/e.  or  on  o\ersize 
paper.  L'se  the  same  typeface  as  in  the  text.  Supply  the  name 
ami  \crsioii  uf  ans  tablc-huililiiig  computer  program  used. 

Appendices:  Malhemalical  calculalioiis.  dociimcnls.  ami  other 
matter  thai  would  clutter  the  mam  arlicle  can  be  displayed  in 
appendices.  jNumber  ihem  as  .■\ppeiidix  1.  .Appendix  2.  etc.  and 
refer  lo  them  in  the  text.  Cii\e  each  appendix  a  tlescriptnc  title 
and  type  it  double-spaced  throughout 

Illustrations:  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  called  figures.  Use  only  illustrations  that  clarify  and 
augment  the  text.  Number  them  consecutively  as  Fig.  1 .  Fig.  2. 
etc.  according  lo  the  order  in  which  they  are  first  mentioned  in 
the  text.  Figures  for  publication  must  be  oS  professional  qual- 
ity, but  rough  sketches  may  accompany  the  submitted  manu- 
script, with  final  figures  to  be  prepared  after  review.  Figures 
need  not  be  photographic  reproductions.  Clear,  clean  laser- 
printer-generated  figures  are  acceptable  (121-144  dpi). 
Remember  that  originals  that  arc  roughly  7x4  inches  w  ill  he 
reduced  to  less  than  50*^  (.^  x  4  in)  and  originals  with  a  hor- 
izontal dimension  of  9  in  will  be  reduced  to  less  than  33%. 
Photographs  must  be  glossy  5  x  7  to  8  x  lO-inch  black  and 
white  prints,  unless  color  is  essential.  (If  color  is  essential,  con- 
sult the  editor  to  learn  whether  negatives,  transparencies,  or 
prints  arc  required. )  In  reports  of  animal  experiments,  use 
schematic  draw  ings.  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  in  which  a  possibility  of  identifica- 
tion of  a  person  exists;  masking  the  eyes  is  not  sufficient.  Fet- 
tering and  numerals  must  be  iieal.  uniform  in  si/c  and  style, 
anil  large  enough  to  remain  legible  when  downsi/cd  for  pub- 
lication. Do  not  place  titles  and  detailed  explanations  on  fig- 
ures; put  such  miorm.iiiiiii  in  ihe  figure  legends.  Idenlily  each 
figure  on  the  hack  with  a  stick-on  label  showing  figure  num- 
ber, an  .irrow  indicating  the  top.  and  an  abbreviated  manuscript 
title.  Omit  aulhor's  luiinc.  Coser  label  with  clear  tape  so  ink 
will  not  snualgc  other  prints.  Do  not  use  staples  or  paper  clips, 
and  do  not  write  hea\  ils  on  ihe  backs  of  prints. 
K:idi(>)>raphs:  If  possible,  subnnt  radiographs  as  lull-si/e  cop- 
ies of  films,  not  as  prints.  Prints  may  be  acceptable,  but  full- 
si/e  films  are  prelerable  in  order  to  display  better  detail  in  pub- 
lished figures.  Be  sure  all  figures  are  cited  in  the  text.  If  any 
figure  has  been  published  before,  include  copyright-holder's 
written  permission  to  use  it. 

I'lHUiT  I.i'jjends:  Ils  legenil  shoulil.  to  the  exieni  possible, 
make  a  lisiure  understaiulahle  wilhoul  iclcrrmt!  the  reader  lo 


the  texi.  l\pc  ligurc  legends  douhle-spaced.  on  a  separate 
page,  as  Fig.  1.  1-ig.  2.  etc.  When  symbols,  arrows,  numbers,  or 
letters  are  used  to  identity  parts  of  a  figure,  identify  and 
explain  each  part  clearly  in  the  legend.  In  photomicrographs, 
explain  the  internal  scale  and  method  ol  staining.  If  a  Figure 
has  been  published  before,  acknowledge  the  original  source  in 
ils  legend  (permission  must  be  obtained  prior  lo  use.  of 
course). 

I  nits  of  \Uasureineiil:  Give  nieasuremeius  ol  length,  height, 
weight,  and  \olume  m  metric  units  appropriately  abbreviated. 
Gi\e  temperatures  in  degrees  Celsius.  Ciive  blood  pressures  in 
millimeters  of  mercury  (mm  Ilg).  Report  hematologic  and  clin- 
ical-chemisiry  measurements  in  con\entional  metric  system 
and  in  SI  units  (International  System  of  I 'nits  i.  Show  gas 
picssiucs  iinckuling  blood  gas  icnsioiis)  m  lorr.  I.isi  SI  equiv- 
alent \alues.  when  possible,  in  brackets  following  noii-SI  val- 
ues—for example.  '•PFEP.  10  cm  H:()  10.981  kPaj."  For  con- 
version to  SI.  see  Rf.SPIRATORI  Caki  19,SS;33;86I-S73  (Oct 
19S.S)and  19S9;34: 145  (Feb  1989). 

Vrilhnietie:  Carefully  double-check  all  arithmetic  before  sub- 
niiiiiiig  the  paper.  .'Nccuracy  is  the  author's  responsibility; 
errors  are  common' 

,\bhreviatlons  and  Symbols:  Use  standard  abbreviations  and 

symbols.  Avoid  creating  new  abbreviations,  .\voiil  all  abbre- 
viations in  the  title  and  unusual  abbreviations  m  llic  abstract. 
Use  an  abbreviation  only  if  the  term  occurs  several  times  in  the 
paper.  Write  out  the  full  term  the  first  time  it  appears,  followed 
bv  the  abbreviation  in  parentheses.  I'heieafter.  employ  the 
abhrevialion  alone.  .Never  use  an  abbreviation  without  delimng 
11.  Standard  units  of  measurement  can  be  abbreviated  without 
explanation  (eg.  10  L/min.  1.^  lorr.  2.3  kPa).  If  you  employ  a 
great  many  abbreviations  and  symbols,  provide  a  double- 
spaced  list  i\\  them,  with  iheir  definitions,  m  alphabetical 
order. 

Please  use  the  following  forms:  cm  H.-O  (not  cm  H:0).  f  (not 
bpm).  L  (not  I).  I./min  (not  LP.Nl.  l/min.  or  1pm).  ml,  (not  ml), 
mm  Hg  (not  mmllg).  pll  nun  Ph  or  I'lli.  p  >  0.001  ino( 
p>().()()l  I.  s  (not  seel.  Spi  1;  (pulse  oximcliv  saturation l. 

Computer  Diskettes:  ,\  mainiscnpl  m.iv  be  submiltcd  on  a 
MacmlDsh  or  IBM  compatible  diskcllc.  Macintosh  docu- 
ments on  3.5  in.  diskettes  written  in  Microsoft  WOrd  ver- 
sions 4.0  and  5.(1  are  preliTred.  Acceptable  programs  are 

M.kWiiIc.  M.uinlosh  Works.  Word  lor  W  iikIow  version  3.0; 
W  indowsW  rile;  WordPerfect  versions  4.1.  4.2.  .'^.0;  WordStar 
releases  3.3.  3.4.S.  4,0, 

Fabel  each  disketic  with  date;  aulhor's  name;  name  of  word- 
processing  program  and  veision  used  to  prepare  documents; 
and  filcname(s).  If  not  enough  space  is  available,  list  contents 
on  disk  jacket  or  an  attached  note.  Do  not  write  on  a  diskette 
except  with  a  felt-tipped  pen. 

lables  ami  figures  iiuisl  be  in  their  own  scfiarale  files,  with 
soltware  idenlilied. 
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INSTRIICTIONS  lOK  AlTllORS  cV  1 '^IMS'I' 


Ti>i;ethor  with  diskette,  supply  three  hard  copies  (if  the  niaim 
seripl.  l)(i  not  paperclip  a  diskette  to  its  hard  copy. 

Proolrcadiiif;  and  In-hou.sc  Review:  Have  all  authors  proof- 
read the  uumusciipt  lor  content  accuracy  and  language.  Con- 
sider having  the  manuscript  reviewed  in-housc  b\  colleagues 
het'ore  submitting  it. 

Submitliii}!  the  .Manuscript 

Use  the  checklist  below  to  make  sure  ihc  manuscript  is  ready 
for  mailing.  Mail  three  copies  of  the  manuscript  and  figures  to 
Rksi"1K\I()R>  Cvkk.  11030  Ahks  lane,  Dallas  TX  1?22^- 
45M3.  Do  not  la\  manuscn|its.  Protect  figures  with  caidhoanl 
to  prevent  bending.  A  computer  diskette  submission  must  be 
accompanied  b\  the  requisite  three  hard  copies.  Keep  a  copy 
o\  the  manuscript  and  tigures  in  \  cnir  files  in  case  of  loss.  You 
will  be  sent  an  acknow  lei-lgiiicnt  that  \our  manuscript  has  been 
received. 

Cover  Letter:  The  manuscript  must  be  accompanied  by  a  cov- 
ering letter  signed  b\  all  the  authors.  The  letter  must  specify 
the  intended  publication  category  and,  when  there  are  two  or 
more  authors,  stale  that  ""We,  the  undersigned,  have  all  par- 
ticipated in  the  vuirk  reported,  proofread  the  accompanying 
manuscript,  and  approved  its  submission  for  publication." 


Permissions:  The  manuscript  must  be  accompanied  by  copies 
of  permissions  to  reproduce  published  material  (figures  or 
tables);  to  use  illustralions  ol.  or  report  sensitive  personal 
information  about,  identifiable  persons,  or  to  name  persons  in 
the  Ackiiovs  Icdgments  section. 

Author's  Checklist: 

1 .  Docs  paper  fit  a  listed  publication  category? 

2.  Does  the  cover  letter  meet  specifications? 
.^.  Is  the  nilc  page  complete'.' 

4    Is  double-spaeinn  used  throughout  entire  manuscript? 

.^.  Arc  all  pages  numbered  in  uppcr-righl  corners'.' 

6.  .Are  paragraphs  indented  .'i  spaces? 

7.  Are  all  references,  figures,  and  tables  citei!  m  the  le\l'' 
S.  Are  references  typed  in  requested  style? 

9.  Have  SI  values  been  provided? 

10.  Has  all  arithmetic  been  checked? 

11.  Have  generic  names  of  drugs  been  provided'.' 

1 2.  Have  necessary  written  permissions  been  provided? 
\}.  Have  authors'  names  been  omitted  from  tc\t  and  figure 

labels'.' 
14.  Have  copies  of  "in  press"  references  been  prov  idctl.' 
1-^.  Has  manuscript  been  proolread  bv  all  authors? 
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VOLDYNE 


Volumetric  Incentive  Deep-BreatFiing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  2500  ... 


■  A  smaller  lighter  flow  cup  reduces  the  work  of  breathing,  thus 
improving  patient  performance  and  progress 

■  Every  unit  is  individually  tested  and  calibrated  for  performance, 
reliability  and  superior  accuracy  of  inhaled  lung  volume 

■  Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  /urjtif  r  mjormation.  contact  your  Sherwood  OR.  I  Critical  Care 

Representative  or  call:  i  ann  I'm  n  Af-^ 

1-800-325-7472    (outside Missouri) 

1-800-392-7318    in  Missouri) 
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